Atty. Dkt. No. 351325-0102[OGII 4)02] 
Response to Non-Final Office Action 

REMARKS / ARGUMENTS 

Upon entry of the present amendments, claims 35 and 39 are currently under 
consideration in the application. Claims 1-29 and 31-34 are withdrawn from consideration. 
Claim 30, and 36-38 are canceled without prejudice. Support for amended claim 35 appears at 
least in original claim 30 as well as at page 9, lines 25-30 in the specification as originally filed. 
The foregoing amendments were made without any intention to abandon any subject matter, but 
with the intention that one or more claims of the same, lesser, or greater scope may be pursued in 
a later application or in a continuation, continuation-in-part, or divisional application. The 
present amendment does not add new matter. 

The following remarks are responsive to objection/rejections raised by the Examiner in a 
non-final Office Action, dated May 18, 2007. 

Claim Rejections -35 U.S.C. S 112. first paragraph— Written Description 

The Examiner rejected claim 39 pursuant to 35 U.S.C. §112, first paragraph as failing to 
comply with the written description requirement. Specifically, the Examiner alleges that the 
specification does not provide evidence that the claimed biological materials are (1) known and 
readily available to the public; (2) reproducible from the written description. 

Claim 39 is drawn to a method using a monoclonal antibody selected from the group 
consisting of; olR3; 5C3; and MCI 92. 

Applicants respectfully inform the Examiner that the monoclonal antibodies a-IR3 and 
MCI 92 are known in the art and are commercially available. For o?-IR3, see for example, Kull, 
F.C. et al, (1983) J. Biol. Chem. 258, 6561; for MC192, see for example, Chandler, C.E. et al. 
(1984) J. Biol. Chem. 259, 6882. Both antibodies are commercially available from, for example, 
Calbiochem© (www.emdbiosciences.com). For the Examiner's convenience, a copy of these 
references as well as pages from the Calbiochem® catalogue offering the Q5-IR3 and MCI 92 
antibodies for sale is enclosed herewith (See Appendix). 
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The monoclonal antibody 5C3 is also previously described and known in the art. See for 
example, LeSauteur, L. et al. (1996) J. Neurosci. 16, 1308 and U.S. Patent no. 6,610,500 issued 
August 26, 2003, filed December 6, 1996. Applicants note that the protein sequence for the 5C3 
antibody is specified in U.S. Patent no. 6,610,500 at Example 111 on column 16, line 50 to 
column 17, line 35. A copy of LeSauteur et al. is enclosed herewith for the Examiner's 
convenience. 

In view of the foregoing, Applicants respectfully submit that the monoclonal antibodies 
a-IR3, 5C3 and MCI 92 are known and either publicly available or capable of being reproducibly 
isolated without undue experimentation. Therefore a biological deposit is not required for one of 
ordinary skill in the art to practice the invention. Applicants respectfully request reconsideration 
and withdrawal of the rejection. 

Claim Rejections -35 U.S.C. § 103 

The Examiner rejected claims 35 and 39 pursuant to 35 U.S.C. § 103 as allegedly being 
unpatentable over Saragovi et al (WO 97/21732) in view of Webb et al. (US 6,652,864) and Shih 
etal. (Cancer Immunol. Immunother. 1994; 38:92-98). 

Applicants traverse the rejection of claims 35 and 39 under 35 U.S.C. § 103 because this 
rejection is mooted by the present amendment of claim 35. 

Applicants have amended claim 35 to recite a method of treating a patient with a tumor 
by bypassing the p-glycoprotein pump using immunoconjugates as chemotherapeutic agents that 
can comprise three genus of monoclonal antibodies wherein the immunoeonjugate binds to a 
specified cell surface antigen (e.g., p75, TrkA; and IGF-1R polypeptide) and is internalized into 
the cell, bypassing the p-glycoprotein pump, to release the chemotherapeutic agent. Applicants' 
finding that the compounds of the invention bypass the p-glycoprotein pump after binding to 
tumor cells, and can treat a patient with a tumor by bypassing the p-glycoprotein pump as 
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claimed herein, was unexpected. Applicants submit that none of the cited references teach or 
suggest, alone or in combination, bypassing multidrug resistance or a method of treating a patient 
with a tumor via bypassing the p-glycoprotein pump. 

Saragovi et al teach treating tumors with 5C3, including treating a tumor by coupling a 
cytotoxic agent to the antibody. Saragovi et al do not teach a breakable linker between the 
cytotoxic agent and the antibody, or treatment of tumor cells by bypassing the p-glycoprotein 
pump. Webb et al. teach a binding agent that binds selectively to a neurotrophin receptor 
expressed in nerve cells (including 5C3 and MC192 specifically), a cleavable linker and a non- 
cytotoxic, therapeutic agent. Shih et al. teach an immunoconjugate of an anti-CEA antibody to 
doxorubicin for treating tumors. None of these references teach or suggest, alone or in 
combination, compounds to bypass the p-glycoprotein pump. Indeed, Applicants note that Webb 
et al. teach conjugates with a therapeutic, non-cytotoxic agent, which could not be used to 
determine bypass of p-glycoprotein pump. A cytotoxic agent is required to bypass p-glycoprotein 
pump. Moreover, Webb et al. teach delivery of therapeutic moieties specifically to nerve cells. 
Nerve cells do not have multidrug resistance or a p-glycoprotein pump. Therefore a person of 
skill in the art could not have a reasonable expectation based on the teachings of Webb et al. that 
the conjugated compounds could be used to treat tumor cells by bypassing the p-glycoprotein 
pump. Shih et al. do teach conjugates linked to a cytotoxic agent, however Applicants note that 
Shih et al. do not target a conventional receptor. Shih et al. use an anti-CEA antibody. CEA is 
not a transmembrane protein, but rather is linked to membranes via a phosphoinositol lipid 
bridge (PI linker). In contrast the present claims recite conventional transmembrane receptors for 
growth factors. Thus Shih et al. do not target the same type of receptor that is claimed herein, 
nor do they teach or suggest bypassing the p-glycoprotein pump. Again, a person of skill in the 
art would not have a reasonable expectation that the conjugates could be used to bypass the p- 
glycoprotein pump in treatment of tumor cells. 
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In view of the foregoing, Applicants respectfully request reconsideration and withdrawal 
of the 35 U.S.C. § 103 rejection of the claim. 
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CONCLUSION 

On the basis of the foregoing amendments, Applicants respectfully submit that the 
pending claims are in condition for allowance and respectfully request the same. If there are any 
questions regarding these amendments and remarks, the Examiner is encouraged to contact the 
undersigned at the telephone number provided below. 



Date; 



FOLEY & LARDNER LLP 
Customer Number; 48329 
Telephone: (617) 342-4088 
Facsimile: (617) 342-4001 




-14- 



BOST_247960.1 



Appendix 
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Anti-Nerve Growth Factor Receptor Mouse mAb (192) 
All Categories » Caibiochem » Antibodies » Primary Antibodies » Receptors » Other 
Anti-NGF-R 

Host: Mouse 
Isotype: lgG 1 

Immunogen: soluble protein from rat PC-12 cell membranes 
Form: Liquid 

Formulation: In 50 mM PBS, 0.2% gelatin, pH 7.5. 
Preservative: <0.1% sodium azide 
Positive Control: PC12 cells 
Negative Control: FR cells 

Comments: Recognizes the -75 kDa NGF-recepior protein in PC-12 cells. 
Ref.: Hempstead, B.L, etal. 1989. Science 243, 373. Levi-Montalcini, R., 1987 Science J 
Radeke, M.J., et al. 1987. Nature 325, 593. Johnson, D., et al, 1986. Ce//47, 545. Hosan. 
E.M. 1985, J. Biol. Chem. 260, 655. Chandler, C.E., et al. 1984. J. Biol. Chem. 259, 6882 
1979. J. Biol. Chem. 254, 5972. 

Need additional information about this product? Email our Technical Service department al 
Sechnicai@caibiOchom.coDi 

* Related information for this product is available: pSeS 

Additional information is available from the "Tech Resources" 
box in the upper left panel of this page. 

EMD Chemicals Inc. USD list price is displayed {pricing with local distributors may vary). N( 
is based on item availability worldwide. 
Sales Office Contact Details 




Species Reactivity 

rat 

not bumar 



Applicatio 

IF, IP, NOT IB, N< 

See Key 



Related Literature: 



http://www.emdhioscienc i ,-uct/GR10 
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Protein Kinase and Related 
Tools Brochure 



Materia! Safety Data Sheets: 

GR10: Anti-Nerve Growth Factor Receptor Mouse mAb (192) - English 

Bulgarian French Italian Portugues 

Dan's" German Korean Spanish 

Di '>cb Greek Norwegian Swedish 

Finnish Hungarian Polish 



Related Categories: 

* i 1 ' ' i •. t ptors » Other 



Change Country | Contact Us | Privacy Policy | Terms and Conditions 

©2007 Calbi < > agen 

are brands of EMD Chemicals Inc., an Affiliate of Merck KGaA, Darmstadt, Germ 
This site best viewed with Internet Explorer 5.5 or greater or Netscape 6 or grea 



http://www.emdbiosciences.com/product/GR10 
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iff CALBIOCHEM 

Order Number Customer Number 



[ 1. Idi of the substance/preparation and of the company/undertaking 

Product mime : Nerve Growth Factor Receptor (p75LA wfR ) (Ab-1) Monoclonal Oaii.io K « : GR10 

Antibody 

, WA 10394 Pacific Center Court 

San Diego, CA 92121 
(858)450-5558/(800)854 -34 1 7 
FAX: (858)453-3552 



2, Composition / information on ingredients 



Anfi-NGF-R 




Not available. 


Symbol 






3. Hazards identification 



FhysftMl/rficnikal iiiiwils : Not applicable. 

Unman hctilih hazard) : No specific hazard. 



First-aid measures 



; ' f< riiove to fresh air. if not breathing, give artificial respiration, if breatl.,1 c , , , 

attention. 

DoNOTinci'i i reeled to do so by medical person 

person. If large quantities of this material are swallowed, call a plv 

in case of'-'.' > 5 n skin with plenty of water. Remove contaminated clothing and shoes \' 

before reuse. Thoroughly clean shoes before reuse. Gel medical attention. 

i r .rn d ny contact lenses. In case of contact, immediately flush eyes with plenty of water for at least 15 
a utention. 

Repeated or prolonged exposure is not known to aggravate medical condition. 



| 5. Fire-fighting measures 



i. ■ ':--. :..!'.-- ,ii r:gh terripnralu.'f;. 



• positive pressure self-contained breathing apparatus (SC8 >> 
: Be sure to use an approved/certified respirator or equivalent. 



6, Accidental release measures 



; Splash goggles. Full suit Soots, Gloves. Suggested pi 

BEFORE handling this product. 
, Absorb with an inert material and put the spilled material in an appropriate waste disposal 

. Absorb with an inert material and put the spilled material in 3n appropriate waste disposal. 



J 7, Handling and storage 



- •■:■•'■!/ ■■'■■('■ nr.;.:, K-.rp a-.vr.v- -''on: sot--- .-•-:-> c.-.foi. tmrH- t;Oii*\)r..,rs ;.-..sc, :.. !.(.; r s v ,, 

a fume hood. Ground ail equipment containing material. Do not breathe gas/fumes/ vapor/spray. 
: Keep container tightly closed. Keep container in a cool, well-ventilated area. Oo not store below 4°C (39.2*F). 



j 8, Exposure controls/personal protection 



:r engineering conlrois to keep the airborne concentrations of vapors below their 
- I . i -"value Ensure that eyewash stations and safety.) - , , 

: Wash hands alter handling compounds and before eating „ md at ti-e end of day. 



DOW 



9. Physical and chemical properties 




: Liquid. 






: Not available. 






; Not available. 




Explosive properties 


: Not available. 

, lotion of Ihe product in pres 


once of mechanical impacf: Not available. 




: 1 ■ j .osion of the product in pres 


ence of static discharge: Not available. 



10. Stability and reactivity 



. <• b stable 
Not available, 
h i if.. ns are nitrogen oxides (NO. N02.„). 



ill, Toxicological information 



Not available. 

LO50: Not available. 

LC50: Not available. 

Repeated or prolonged exposure i 



Nr. sreriS;: ^loim-vlioii r. 



i not known to aggravate medical condision. 

in our database regarding the olher to> ul foi humans. 



jr knowledge, the toxicological properties of this product have not been thorougl 



: Not available. 
: Not available. 



Ecological information 



: Not available. 

; The product itself and its products of degrad3lion are not toxic. 



13. Disposal considerations 



st be disposed of in accordance with federal, si 



"ransport information 



>'i I *""R (Europe). 



Not controlled under IATA. 



15. Regulatory information 



SARA 302/304/31 1/312 extremely hazardous substances: No products were found. 
SARA 302/304 emergency planning and notification: No products were found. 
SARA 302/304/31 1/312 hazardous chemicals: No products were found. 

Sn.RA.31 1/312 U'SDS itif.O.v.-i ■ . • . , .',.>.,■•;.!. •.; k!ttf:li!..v.aliGir <\o proci.ci:; v/eic found 

SARA 313 toxic chemical notification and release reporting: No products were found. 

Clean Water Act (CWA) 307: No products were found. 

Clean Water Act (CWA) 311 : No products were found. 

Clean air act (CAA) 1 12 accidental release prevention: No products were found. 

Clean air act (CAA) 1 12 regulated flammable substances: No products were found. 

Clean air act (CAA) 1 1 2 regulated toxic substances: No products were found. 

Not controlled under the HCS (United States). 



! Nol controlled under WHMIS (Canada). 
No products were found. 



16. Other information 


hilonmuioii System 
(U.S.A.) 


.) 


Naiional Fire . 
Protection Association ! ' 




acacl.VHy 0 
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Monoclonal Antibodies to Receptors for Insulin and Somatomedin-C* 



(Received ■ r , , .,bpr 15, 1982) 



Frederick C. KuH, Jr.J, Steven Jacobs*, Ying-Fu Su*, Marjorie E. Svobodafi, 
Judson J. Van Wyk§, and Pedro Cuatrecasas* 

■'"■"I : ' y^'<-'"-'^ ' b : obgy, Tnc , - Heeeeree ^m! S r; a /feseaeed . , d -ie 

cZlfe an 4 ^^tment of Pediatrics, Um<* 



Three monoclonal antibodies, designated alR-1 , <*IR- 
2, and aIR-3, were prepared by fusing FO myeloma 
;L -,pleen cells from a mouse immunized with a 
partially purified preparation of insulin receptors from 
human placenta. These antibodies were characterized 
by their ability t< ii <- jolubilized recep- 

tors labeled with m I-insuHn or ,M I-somatomedin-C in 
the presence or absence of various concentrations of 
insuli , or somatomedin-C. «IR-1 preferen- 
'i ii iiiirtiUix.rsr.^ifmiilvv i-suSiii ree-snore ' and 
less effectively unnoprecipitates somatomedin-C re- 
ceptors, while aIR-2 and aIR-3 preferentially immu- 
' if- son atomedin-C receptors, but may also 
weakly immunoprecipitate insulin receptors. 
These three monoclonal antibodies, as well as A410, 
>tsed toimmunopre- 
! cceptors from sol- 
M-Si) cells and human pla- 
centa membranes that had been ,2S I-labeled with lac- 
toperoxidase. Analysis of the immunoprecipitates by 
sodium dodecyl sulfate-polyacrylamide gel electropho- 
resis indicates that both receptors are composed of « 
and 0 subunits. The fi subunit of the insulin receptor 
(immunoprecipitated by alR- 1 and A410) has a slightly 
more rapid mobility than the corresponding subunit of 
the somatomedin-C receptor (immunoprecipitated by 
«IR-2 and aIR-3), Interestingly, the a subunit of the 
1 1 ceptor has a slightly faster 
mobility than its counterpart from IM-9 cells. 

Immunoprecipitation of receptor that had been re- 
duced an . 

dicates that <rIR-2 and aIR-3 interact with the a sub- 
unit of the somato 
acts with both su> . 

failed to react with reduced and denatured receptors. 



'"■rturally related pep- 
«erlapping biological activities (1). Each 
It , own receptor, 2 but each can 
' »if v to the other's re- 
■J- This-' crO:v..rv,-u'!|v;iv o iulrlrnsushu; u> rUrueinra! 



' ls ;' ! i '■■ ■:■ im:;: erdcje wore d>.df»yod er earl by 

; e-do: v:-:i.- ddole arded: eooo iherefote he de;f!e. 

'"lance with 18 U.S.C. Section 1734 

x > > i w need and is identical to insulin- 

■ - . iatomedir,-C 
tor, type i 

■ reo,.,. y,r ,,-nici, .,, referred to here as the ■.:-.:..'.':„■■ 
-•«<•''■-•!■ ! ' o. oreoo- yea ;,„.>., ,-, >:i „,j y,,. 

o iV5>« U ieeepf.or 



similarities between the receptors as well as between the 
peptides themselves. Both receptors are composed of two 
types of subunits, which have approximate molecular weights 
of about 135,000 and 90,000 (3, 4, 6-12). These are thought 
to form disulfide-linked heterotetramers containing two cop- 
ies of each type of subunit (3, 4, 6-8, 10-12). Antibodies from 
a patient with insulin resistance and acanthosis nigricans 
have been shown to inhibit the binding of both insulin and 
somatomedin-C to their respective receptors, suggesting that 
the receptors are also immune t ! ■ , 1 1 3). Soma- 

tomedin-C also binds with reb.*i • ; , v to insulin- 

like growth factor II receptors. This receptor is stn 
different from somatoraedin-C and insulin receptors, and has 
little or no affinity for insulin (3, 4, 14). 

The present studies describe three monoclonal antibodies 
to insulin and somatomedin-C receptors, These are used to 
investigate the immunochemical cross- reactivity of the two 
receptors and to identify their subunits in human placenta 
and IM-9 cells. Some properties of aIR-1 have been described 
previously (15). 

MATERIALS AND METHODS 
Receptor ^ivathn-Hutnm placent8 membranes were sohibi- 
lized w.th 2% Triton X-100, ami ,>urified by 

sequential chromatography on on , . e , insulin- 

Sepharose, and wheat germ agglu<n tb) Aa previ- 

ously reported by others (10, 19), we found that somatomedin-C 
receptors could be quantitatively recovered in the eluate of the 
concanayalm A column, and that about 30-50% was adsorbed to the 
.oisaoo-eayhaorae , , - , ,,o ; aa;ooaayreC •: , 

l ivity was detected m the urea eluate - 
or at later stages of purr 

be followed throughout the purified • „ not shown) 

In view of results, to be 

may have bi u. , . • , bll , of binding 

hormone 1'u . 

e<:o:oay. „ r ii: , : ,:; a.oyuol , vhl ,.,, X; , ; e., lln;: , 

re.u.ee,, i!1KS ar . )1 iy w;! 0, Sijy'-poiyeer-eee.et yr edyuoedaoa.; 
hallowed ny s,iee s syaliyny defy. A mM* or.4ooo.do ore-yde ya, v i 
in i»1 minor 90.000- ami ddddeoraodae.nar ao ;il yo daaoa ,, : r : : yeeoeo 
ivnm ;) -io ,,» r .., : y : eer yootee: a r.:,y, Sf! ,,>;- ■„., ,,!,,.,,■,,, 

)':x.il,ii:uon 'if A/eerree..,;,,; y ,,, , . s y y ,,,.„.•,,.,, 

l..ai;oralorics. Bar Harbor. ME; w«re ieyyyey :e K yse ; ey. ; 
vhctv, germ it,;;;!iil!r,;;e-Se[y,eee;e e". ,:,{.-. ;. , „ e 

.•nn.:s»iied m an equal voieme l( f ^ereeete Freeed's ':yeeeay,"'e^ 
ee.nsled ijiree timey al A rveek intervale reel, e ;,eve!ei' ,.„<,■,->< v 
leir.yedreeepr.of ereeheneeu, incareoJete I'd-eeed ,.-.;■„ ... y : = 
(ieyeioyed ane^rme jiye dnymnopyeeyd aerd ryeeyser.. bd,d,d eed 
■ '' ; ^eee..eeeee-.y : y,, : , : . j u ,] .y ; . i: ,,,, ;|l .,, ; . ) //.I- 

dhe mouse with the highest tiler of ere d,r,d K , ; e ; ; nsuJ;:; rf ,:.,,,;, 
"« ! ';-:« ; a" ' • ' 10 , r,f reeepu.,r. dd ; ree , !e. ( , .1 

r '/'eye, eoec r:rel r-ydeer. eiejr erer/oee-e .'ey. e--, 

myeloma cells (Cell Dis. -, 
un. loaeni 

'The abbreviation used is: SDS, sodiui. •• ., „Inh 
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HiiuffAv rAA;i-A:.l;,^. ■„,.,, , 

s'J'iHdwi Ay A-:;; v Afuo,, 
' • - ut',« they produce r 
.dR 3. AnAimo.r f :.. , f . a :! 



: n or somatomedin-C recep- 
i to Table i. Six wells were initially 
i receptors. These and only these were 
.somatomedin-C receptors. Cell lines 
• t or stopped producing 

: ■(■!■:,;:., ;;yr : l t.hrCO •■-clh •,.,£„; si'jidiiy 

■ Ar-or:,. T;;i; re^Aov" c 
have been designated hIR-1, «IR-2, and 
paper wen har> si t c tr> 
" ;l D/ ', ,.' ! A -..-j.-h--.'.-) IrnroiAo/hsS i«c.,h t; .e(! with 

: ---".A "' :<; A.AM-r poni;>A or AAAr. 

! ;;' : '";";. i; /' l f :: ':: , :; ! " p-aa.,,,.,--, piiosp.-.su,. ; -,h a a .,aa 

A ^.oooo AoA-.--- .oorr !hev:- ior.Ar.ioro,. an<! asoo.c 

. ■ * ■ ■ ■ ! : A '.(. a\ ion. 

,,. A! , i , ;<"nA;'A.o : . ;,;(..,;. , iacicrmim-d Ay M;; i: r Ah- ID AAA 
IS".. /.>■..'■«;.. AA-r,A^.,.,„,, n ,i ; , /;wi: , ;;a , ; 

,../•»■"».•■•'-';.•/ • '.v.- / .•AVr..;;:-, ; . iC .,.-.. a; n, s v e re Aibofe: y,,-h 
■ .■>< ■<•;;<■; 'orca-,.. -A: : ,-,<■ :-n.,. waA ;s:;i ; 

'..'■''.a'.' •'"''';' , A ;: -, '?' >■■'■"■■>'■■<<■■•} .'.'A'..A. ; ,; AA 

:! I;,'-: y ,-Ai : 

. ' .branes were 

V,;M •!, ■:.,-';>:„.,....:...-. r.A..-,., ; ! , .. . ,, , . ; . ,j , , ; , , , . , ; . , , . ; , ; . . y 

!'■■■■!> •: ' " O pvop.; M»/-:„Aii-;. A ; .A,::. AA: at! iS t'l 

P f? ft x -» tT H V n d i^"5 Wed bv 2 • 20 " mI alic > uot 

(H ju M I. j ,nm for 12 min. The membranes 

were then washed 3 tim. , , t 50,000 x g for 30 min 

with 8 ml of pbosphau i 1 > membrane pellet was 

aoJubiham w,th 2% Triton X-iOO in 50 m M Tris-HCI, pH 7.7, 
containing 1 mg/ml of bacitracin and 20 M g/ml of phenyimethylsul- 
phonyl fluoride. After 30 min, the solubilized placenta membranes 
" ' ' '■■ : ^ Ap.,,. < 

with three im,ng 1 m M CaCl* and 

1 mvi M.gC , wncat germ agglutinin-Sepharose 

1 U >r X 100. 

1 he columr , • "1 of (he Triton-containing buffer, 

'i ' ' inm gkiro 
1 100. 1 mg/ml 

1 1 ' ' " ' 1 Imetb ioutfonyl fluoride. 

RESULTS 

Table I illustrates the ability of the three monoclonal an- 
tibodies tf ) , ' receptor-bound m l-insulinand 
li!f, I-8omatomedin-C. aIR-1 immunoprecipitates considerably 



>i m I-insulin and m h 



■lubilized placenta 



more bound l25 I-msuhn and 12r 'I-somatomedin 
normal mouse serum. If solubilized placenta is 
the assay (or if it is heated to 70 "C for 10 r. 
shown)), there is no specific immunoprecipita 
labeled hormone by «IR-l. This indicates that 
is not directly reacting with the hormone (or i 
somatomedin-C, a binding protein in serum or 
but with hormone binding proteins present in p 
branes. The ability of insulin to inhibit the im 
tation of the labeled hos 
proteins are saturable and have a relatively hig 
insulin <JP u, immunoprecipkate more i-c- 

f e P tor bo,) ' 'wrmol serum but considerably 

less than rvilt-1. Bo A 

amounts of bound 125 I-somatomedin-C A- . 
cific irnmui >, * bcth labeled hormones by «IR- 

2 and aIR-3 is dependent on the presence of stabilized 

,0A;, ; :n; ;! h:A;Ayv .-uiw A: :i , ;r, :,:,„■■ ... 
the solubilized placenta (data not shown). 
^ Receptor Specificity— Since in these studies, l H -insulin and 
' ■i^?.!'..:':;:." ■: k- ; c,r-: c: A , ; r , , A . ■, AA- h A -. 

mone-receptor complexes, the potency of unlabeled hormones 
to compete for receptor binding, and thereby inhibit immu- 
noprecipitation of labeled hormone, reflects their specificity 
for the receptor. This can be u"< , ,< receptor to 

which the labeled hormone is bound when it is immunopre- 
cipitated. 

The concentrations of unlabeled insulin and somatomedin- 
C that inhibit the immunoprecipitation of m I-insulin by «IR- 
1 (Fig. XA) are similar to those previously reported to inhibit, 
the binding of 12? 'l-insu)in to the insulin receptor (2, A). This 
suggests that the m I-insulin that is immunoprecipiUled by 
arR-1 (Fig. 1A) is bound mainly to the insulin receptor, and 
that ffIR-1, therefore, recognizes insulin receptors. Similarly, 
the concentrations of unlabeled insulin and somatomedin-C 
that inhibit the immunoprecipitation of '"l-somatomedin-C 
by «IR-2 and «IR-3 (Fig. 1, E and F) ate similar to those 
previously reported to inhibit the binding of '-'i-sornatomo- 
din-C to the somatomedin-C receptor (2-5). This suggests 
that rtIR-2 and alR-3 recognize the somatomedin-C receptor, 
The competition b>< V z I, B, C, and D are 

more complex. Since ias I-insulin will bind weakly to the 
somatomedin-C receptor and since «IR 
noprecipitatethesomatome.il]. . . 1. possible that 
50,000 Uie relatively small amounts of ,r, I-msulin immunoprecipj- 
2 ml of tated by these anlibod.t matomedin- 
inand C receptors. However, the data (Fig. 1, B and (?) are not 
eg/ml consistent with this i- 

insulin to inhibit the irnmuiu , 



v Aied alone <xlK ' 2 a!K ' ^ ti , 

19 Kg/ml), nU- . , . < . . - too low (Fig. 1, B and C) f< 

"1 Aig/ml). After an inununoprecipitated ,zs I-insulin to be bound to th 
roedin-C receptor ^rry of unlabel 

is too Iov. - • . . • unlabeled somatomed: 

higii for I he ! !J 'l Ansuhn \vM(:i)n--^>'<<r.y,\iA<.v>\ uv rAcr 
a:s a> be hoiHKi enuieiy !.<:, ir;:,uAn rtAAA: ! A.»rp. 

Stated by olR-2 and «IR-3 is bound to a combi 
insulin receptors and .somal.omedin-C rc-cepiors 
slopes of the competition curves (Pig. J , H 



.lA.»:!;'..i !> I,. , ; i;i .::..f \ iAiip; ;,•! . ( Uxh rai .ev ,Yi,:, ? AA 

1 "' 1 • 1 1 • —i. were washed 

with 'i !i)S r,i >i.r A-s '->• ; vnAAAwAiOJ, ;A. 5.0AA •>< 



AA'AAi ± :m 



body use., 
the IW 1-S! , 

ID) appears to be bound lo a mixture of insulin and «>n;si.o- 
medin-C receptors, suggesting that aIR-1 weakly re< 
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*K.. 1. Specificity of immunoprecipitated receptors. Solubilized placenta membranes were i™-..!*.. 
indicated ml'. , , of ."[-insulin M, B, and C) or 15,000 «m< ' 

>< ' i • ' ^''f various concentrations of unlabeled insulin (•) or somatomedin C tn\ Tk t 

receptors were then immunoprecipitated as described in the legend to Table I by A and I) "iR-M 19 « of 
ml); B, and &, ..IR.2 (1:420 dilution of ascites); C and /■', „IR-3 (11 „g of IgG/ml). Nonspecific coums t 
itaied by normal mouse serum without added monoclonal antibody) have been 



somatomedin-C receptors. 

To further evaluate which receptors are immunoprecipi- 
tated by each antibody, placenta membranes were incubated 
with 'Somatomedin-C in the absence of unlabeled peptides 
(Fig. 2, lanes 1-4), with 100 ng/m! of somatomedin-C (Fig. 2, 
lanes 5-8), with 100 ng/ml of insulin (Fig. 2, lanes 9-12), or 
with both 100 ng/ml of somatornedin-C and insulin (Fig. 2, 
lanes 13-16), '^I-somatomedin-C was then covalently cross- 
linked to the receptor to which it was bound with disuccini- 
1 i ■ f I." membranes were solubilized with Triton 
X-100, immunoprecipitated with normal mouse serum, alR- 
' «..'• 'o, „Ib ( „,d eedy.-d by SDS-poiyacrylamide gel 
electrophoresis, 

n-IR-2 and «lR-,3 immunoprecipitated a 132,000-M, band 
that was 1 e t < > , , KP 0 f somatomedin-C 

(I'ig. 2, lanes 3 and 4). Labeling of this band was readily 
• lanes 7 and 

W), but not inhibited by boo ns/.ohi -.-i iosshlis (Pig. s, k:n<>: /; 
..I'll. . , , 

'O'l'i'-rbn-Cand its electro;. ;eo. bs mobility, this hood appears 
u " —matomedin-C receptor. 

' iisptibes, the band immersjore. 

• >s heavily labeled than 
- R 3 In addition, it 

-sitb a slightly slower eleclropho- 
its labeling is only partially in- 
•medin-C (Fig. 2, lane 6) and is 
ilabeled insulin (Fig. 2, lane 10), 

composed of a subunits of both 

•••• .ooTsHoe.eihoob receptors, 

, VV! ','' i, - in " Ur s't-b« .-ire carried out using i2 b onsum, as 
■ edin-C, <tJR-lspe- 

' : ossioiespre. e nUll , ;< , a labeled band with a moleeuW 

v ' ' ; ' 000 f^S- ^ ««» Labeling of this band ,s 

• (data not shown) 
Vhen -'J-msuhn is used as the labeled peptide, «IR-2 and 
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9101112 13 14151617 



in the abse 
eipnatcd by . 




- b so; 

hibited b, . 
i" this bai d 



albumin wit) ., 

.nvelm ■:/,',, ,,- ) y, ,,, ; h ,.,„ ,. n i ;! ;, c .ied osrrs.es. sec,.: 
r.;;/ini of si,matomed;r.-< : (bsse,..: fSo-s lee r .,..0,,i ,, 
/if), or both SOU m;/.ni of s„eoe<.e.,.o,s S '^j or 
b'ae.-s or-Jo), Then 0.] ms of chsue.oos.o'hs = 
After :?»min, ihe oes.rree.sOM ,..o<.:~>r- , ... ........ 

t M NH.Cb 4 ml of Some, Ties . Ho; ' ..Vrf s'^,,b".;b 
:r 's.si sou Oii: s.esihsise:, .obe'csf 'fd'srs' 
dissolved in 50 mM Tris HCl containing 2% Tr 
' ;: 'ore i i :>■.■„' 0i,; ; .eel e: ee; vi . .>.e e vs., i'»s - si 

.. • 

Tris- HCI containing bacitracin and immunonrecmi 



.so ;: 



•o.dRsi.reie, Is of ,Se. sod 00 The so eieore.,,.,,.., 

twice with 4 ml of Tr.s HCI coma. 

with 4 ml of H 2 0. They v. Mli) u (ui (0 s , 

poiyacrylamide e The snmij.d 

the /<•// fern* are myosin heavy chain, phosphorylase. and alhumi'i 
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IM^itaTS ?7' e P i f it . ation of ,a beled receptor from iodinated human placenta membranes and 
IM-» cells. A ' I-laMed placenta membrane glycoproteins (1.2 x io 6 cpm) were incubated in 50 mM Tris HOI 

methylsulfonyl fluoride with: tone /, normal mouse serum diluted 1:300- tone 2 normal mouse serum diluted 1300 
plus « R-1 (19 „g of IgG/mi); lane 3, normal mouse serum diluted 1:300 plus'«!R-2 (ascites fluid 1-420) toneT 
normal mouse serum diluted I 1:300 plus „IR-3 (11 „g of IgG/ml); tone 5, 100 ,g/ml of preimmune rabto I g G; ton* 
cinTarninT mnnt L i k , ^« ? r ant V mou ! e se ™" 1 ^PP 6 ') diluted 1;3 was added to the tubes 
containing mouse immunoglobulin, and 20 p\ of fixed staphylococci bearing protein A (Pansorbin) was added to 
tuhwcontiit. - i - ' ! » 1( 1 the incubation was continued overnight at 4 'C. The immunopreci^ 

lU es lhw washed three times with 4 ml of Tris . HCi, containing 0.2% Triton X-100, and one TwM & 
water. The immunopre. , ,ed and electrophoresed on a 6.5% SD 

cTnitete^ 'T™ -° f j he h dHed « el mU ^ M IM " 9 »*»*«"• glycoproteins mtTw^&Si' 



iJ to produce detectable specific immunoprecipitation 
;y labeled bands (data not shown). This is consistent 
relatively weak ability of nIR-2 or «IR-3 to immu- 
itate receptor labeled w - <>, is indicated 

: I and Fig. 1. 

' • / 1 lahiled Recep- 

■■■T« idrlhor t«:i^.>r,.;-.f f h,r -' fiat those anf.ibod!< : »; \;-.iv.r.\n 
itly with re< somatomedin-C, and 

. <•, i 

i i i j* -"'I labeled membrane glycoproteins from 

an placenta and IM-9 cells. As previously described (15), 

1 Sf«^db::bh. re-ipitRtcd ii H , pdvpfptides with 

irent molecular >. , • 

an placenta and IM-9 cells (Fig. 3A, lane 2 and Fig. 3B, 
2 '-- V-Ay>-v:< ..,,:>. ; .K::;;a>' riuOivaiar weights "were 
u:^:-:: S -i:ai.,u^ by A410 ;Ti fi , 3,4, lane 6 and Fig. ?,B. 
6), a rabbit an , , receptor (23)! 



>f approxi- 

■ly 1.(6,000 and y(),000 (Fig, 34, lanes 3 and 4, and Fig, 
ones 3 and 4), Because of the specificity of n-IR-2 and 
3, these presumably are subunits of the somatomedin-C 



receptor. In both placenta and IM-9 cells, the broad band 
corresponding to the 0 subunit has a slightly slower mobility 
(apparent M, 92,000-98,000) than the corresponding subunit 
of the insulin receptor. In some gels, this band appears as a 
doublet, the faint lower component having a mobilit 
to the corresponding subunit of the insulin receptor. Interest- 
ingly, in human placenta, the a subunit of the sornatomedin- 
C receptor (immunoprecipitated by aIR-2 or «IR-3) has a 
slightly faster mobility (apparent M, 132,000) than the cor- 
responding subunit of the somatomedin-C receptor from IM- 
9 cells (apparent M, 136,000) or of the insulin re.ij t 
munopreeipitated by «IR-1 or A410) trun< . 
parent M, 135,000). 

In order to determine with which subunit these antibodies 
interact, immunopi 

io<hnaf.ed pinoim.* rnt;y;br;it;s ffMpnn^-vi iim had bwr, 
' > reito > k ^Dh to d>-s».n te tcep -r 
subunits (Fig. 4). After this treatment, neither subunit is 
immunoprecipitated by orIR-1, perhaps indicating that this 
antibody recognize 

and denaturation. rrIR-2 and nIR-3 specifically immunopre- 
cipitate the « subunit of the .somatorru-du. ' 
immunop , 

receptor. Since A410 is polyclonal, this does not necessarily 
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1 2 3 4 5 6 



xicr 



j ~90 



X-10Q, 1 mg/ml of bacitracin, and 20 xg/ml of phenyimethylsulfonyl 
fluoride. The reduced and denatured labeled receptor was then im- 
munoprecipitated as de i „ i normal mouse serum; 
lane 2, trIR-1; lane 3, «lR-2; tone 4, nIR-3; tone ,5, preimmune rabbit 



imply imraunochemically similar sites on both subunits. Sim- 
ilar results were obtained with labeled membrane glycopro- 
teins from IM-9 cells (data not shown), 

DISCUSSION 

The present studies describe three separate monoclonal 
antibodies which react predominantly with insulin receptors 
(«JR-1) or somatomedin-C receptors («IR-2 and «IR-3). We 
have interpreted the data in Fig. 1, B C, and D as indicating 
that immunoprecipitated labeled ligand is bound to a combi- 
nation of insulin and somatomedin-C receptors, and therefore, 
that each ou> > ,»u h both receptors. The ability 

of rrIR-1 to j mulin and somatome- 

din-C receptors is also suggested by affinity cross-linking 
studies (Fif. n , explanations for the data are 

also possible. For example, t .c-cognize a 

third typf o) r« , < pt from both insulin and 

■ a il mi' ' • i 

factor II 

. ' - «.. ,„ , 

" ' rybmide gel 
of lactoperoxidase 
• • . j labeled bands in the 

22Q~260-kD-> rai g< >ld correspond to the 



••eceptors, 

ar »^ both r;>cogr.i?.e the reduced and denatured 135,000-niolec- 
-' However, they are clearly different anti- 
bodies, ai'R-2 has more stringen: sixHiifb-itv for ioi-atonieaui- 
>r , (At the antibody concentration used, aIR-2 im- 



munopre. 

sulin than does «IR-3 (Fig. 1 and Table 1)}. Furthermore, 
orlR-2, in contrast t; 

equilibrated with 10 bim potassium phosphate, pH 8.0 (data 
not shown). 

The structure of insulin receptors has been extensively 
studied by a variety of techniques (7). It is clearly composed 
of a and 0 subunits with molecular weights of appro 
135,000 and 90,000, respectively. Other less well char, 
subunits have also been identified by some laboratories (6, 
24-26). Some of these may be precursors or degradation 
products of the receptor (24-26). In Fig. 3, the only detectable 
bands specifically immunoprecipitated by nIR-1 and A410, 
which react predominantly with insulin receptors, have mo- 
lecular weights of approximately 135,000 and 90,000. 

Information about the structure of the somatomedin-C 
receptor is more limited and has been obtained almost exclu- 
sively from affinity labeling studies (3, 4, 10, 11). In these 
studies, a 135,000-moiecular weight « subunit has been clearly 
identified which is disulfide-linked to 
dence for a fl subunit has been directly inferred from similar- 
ities between partially reduced and unreduced forms of the 
somatomedin-C and insulin receptors (4, 11), although in 
some affinity labeling studies, a faintly labeled 90,000-molec- 
ular weight subunit of the somatomedin-C receptor has been 
observed (4). The somatomedin-C receptor immunoprecipi- 
tated with aIR-2 and «IR-3 (Fig. 3) clearly contains both 
subunits. The f) subunit moves slower on SDS-poiyacrylamlde 
gels than the corresponding subunit of the insulin receptor. 
This is fortunate because it provides a distinct method of 
distinguishing the two receptors aside from their immuno- 
chemical and ligand-binding specificities. In some gels, the 0 
subunit of the somatomedin-C receptor appears as a doublet, 
the faint lower component having a mobility similar to that 
of the corresponding subunit of the insulin receptor. The 
origin of this band is not clear. It may be due to proteolysis 
or to a small amount of insulin receptor co-immunoprecipi- 
tated by these antibodies, or it may be due to a microhetero- 
geneity of soraatomedin-C receptor. Interestingly, the « sub- 
unit of the somatomedin-C receptor from placenta has a 
slightly more rapid mobility than its counterpart from fM-9 
cells. Here too, this difference may merely result from prote- 
olysis of the receptor during preparation of the membranes, 
or it may indicate tissue specific differences in the receptors. 
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A nerve growth factor (NGF) receptor interactive 
. h nn„ j,-,,, \ ,i 

binding to I"' . 1( iut i \ ■ . ; » ! 

• ' - < \,{M my P. 

loma cells with splcnocytes from Balb/C mice which 
I (i i'( ei ,11 1 ,. , . tyt gh 

• mbranes. 

run bi -i > 

binds to the same number of sites on PC12 ceils at low 
fe™P<?ra t he 192-IgG increases the 

apparent affinity of 0-NGF binding to fast receptors 
on PC 12 cells at low temperature by a factor of 2.5- to 
4-fold and enhances the photoacti ratable cross-linking 
of 0- NGF to the same receptor while decreasing the 
eross-hn, , , he slow NGF receptor. At 

37 °C 192-IgG partially inhibits the regeneration of 
neurites from primed PC12 cells. The 192-IgG also 
reduces the rate of appearance of binding to slow NGF 
receptors and increases the proportion of /5-NGF bound 
to fast receptors at 37 °C. These results implicate the 
slow receptor as the mediator of the biological re- 
sponse. This antibody provides a tool for examining 
steps in the mechanism of action of 0-NGF after bind- 
ing to the receptor. 



1 lich is required for the d< velopment 

and maintenance of i .omc sensory neurons 

{1, 2) and is one of (1 • r i m the regeneration of 

1 > .A specific 

' 1 - from the peripheral target to 

the neuronal cell body (4). The flow is initiated by the binding 



e'hc.i ".;<'/;.'"> -.m')'.-:. : ...v.;-:-:'..-.--- '.vkli ;•; i.hsr S tV !i.i-, V.-'- 
)c!y ui ledtcale '.his fact. 

% hupprried !>V :i!ii;^,v.;;,, ::„■ M ;, S (-;;jar Dvs-: n.,ph.V AsSOci- 

)or ;!•;(.! ii-,;- , A : vo! ,•• .yee,- ;,s;i-:'a! Sdw«!s ;"t>;:nJa;.ien. 

''""hern, ; ! -J! s is.Sr.eon>> Ofa'mistry. Wi.shiinrt on 
•nvers.U < !„.•',: o" hheheo,,. Use. SO/ iWiHX 
is i'»nno;rto' ! I'V ess -v.-: o! Hsoilh dnSiooii, Ci.mt KS 

..r&dt Inc., 675 McDonr. " • 



of NGF to NGF-Rs in the r 



i terminal followed by the 
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S, Ca/Mg-frce Dulbecco's 
mceo's phosphate-buffered 

acid; HSAB, hydroxysuc- 



jntemahzation of the NGF-receptor complex in membrane- 
limited vesicles (5). The retrograde flow displays two compo- 
nents, one tiis- other of 
lower affinity and high capacity (6), The NGF-Rs on chick 
sensory and sympathetic neurons display similar character- 
istics. One class of V , „ llN -mall num- 
bers, has a high affinity for NGF (K n of approximately 10~" 
M) while the other major class has a lower affinity with a K n 
of approximately IQ~» m (7, 8). Although the process of 
retrograde flow appears to use both NGF-Rs, NGF-induced 
neurit* outgrowth from sympathetic and sensory neurons, 
which has a maximal response at concent ra' m >elo\ 1 
M, may be mediated solely by the high affinity NGF-R (9), 

The PC12 clonal cell line from a rat pheoehromocytoma, 
which responds to NGF by expressing many of the properties 
of sympathetic neurons including neurite outgrowth (10), also 
has two classes of NGF-Rs (ll, 12), As with NGF-Rs on 
sensory and sympathetic neurons their main distinguishing 
feature is the rate at which NGF dissociates from the receptor, 
being rapid from the larger class of low affinity receptors and 
relatively slow from the smaller number of high affinity 
receptors. The PC12 NGF-Rs have been termed fast and slow 
receptors, respectively, for this reason (12). Recent evidence 
(13) suggests that the two classes of NGF-Rs (on sympathetic 
neurons) may be structurally related. It is known that the low 
affinity class of NGF binding observed with sensory neurons 
is not a result of negative coop, r • r h h< conversion 
from a low affinity (fast) to a high affinity (slow) NGF-R has 
been suggested for PC 1 2 receptors on the h , i v , 

binding to the slow NGF-Rs at the expei- 
which occurs when m I-NGF loa. - -t incubated 

in the absence of 125 I-NGF (11). On the other hand, Schechter 
and Bothwell (12) have proposed, from experiments on the 
differential sensitivity of the PC12 cell NGF-Rs to trypsin, 
that both classes pre-exist on the cell surt, < t i 

action of NGF with its receptors is sufficient by itself to 
initiate neurite outgrowth is not yet known. 

Surface-bound NGF is internalized, especially in PC12 
<-^iy and is degraded no iyscsornes il-i- ihh. inhibition of 
lysosomal degradation has no effect, on the NGF-induced 
neurite outgrowth (17), nor does U;e presence within the e<;!i 
i M'M neurite outgrowth (18), Although 
internalized NGF has been reported to appear in a number of 
other cellular compartments (16, 17, 19) there is ess evidence, 
as yet, that such migration give • I'uLtr sign \h 

for neurite outgrowth. Indeed free NOP inside the Ki.d.2 < ei! 



NGF-Rs, a monoclonal antibody whnh 
NGF-Rs on PC12 ce, - - 



NGF Receptor Interactive Monocfonal Antibody 



A\ and its effects on NGF binding and on 

nourite outgrowth in PC 12 cells are described here. 

MATERIALS AND METHODS 
-' cells (clonal rat pheochromocytoma obtained 
T - co's modified 

Iv::.;ii'\ e.edo.co ..coy 4'tj^l:'i GIBCO, Grand island, NY) supple- 
oieoieb '>•'■'•■-■'< ! 0'd eye. ■•ob .oooyo (in icy Scieiii.ii;-:.- Irvine, CA c;r 
" »d atmosphere 

of 12?o^COj and 88% air. Cells were subcultured once per week at a 

o'-'ory i 0 dace ey Oo ,o ir.t-.i •> ;.•■';! i .oedioro. Moo 1,0 1/d.O biho.yod' 

HI wmul bUmtri U > t Sr. 
.;, i oicra.o;y 1 e;:,. soo ;,.( 001,0 ,v(.r,v ».-. iodic ;efov.or eo KrMi olMii ydee, HA': 
(20j ,.op :) ie« ! Ko,u.M obli ].,-:•; ey;y id; oeob;o.ybrb of cioiaeimn, and SO 
i cloning of 
• r ells present 
(10 7 celU/m ; , 

Hybridous J u.m (HB 101, 

Hana Bioiou s •» j with 4 mM glutamine 

and I mM vt age in growth 

medium or ' i, 

PCI 2 Plasma Membrane Preparation— Plasma membranes were 
prepared from PC12 cells by the method described by Wilson (21). 
PC12 cells (6 X 10 8 ) were washed three times by centrifugation in 
PBS, pH 7.4, to remove medium and serum components. The cell 
suspension was divided into three parts for parallel subsequent proc- 
essing at 4 "C. Each part was resuspended in 10 ml of homogenization 
buffer (10 mM Tris-Cl, 5 mM MgClj, 125 m phenylmethylsulfonyl 
fluoride (protease inhibitor dissolved in isopropanoi; final isopropanol 
concentration was 0.1%)), pH 7.4, and incubated on ice for 30 min. 

i • ■ "rought to 250 mM sucrose by adding the cell 

suspension via a 22-gauge needle to an equal volume of 0.5 M sucrose 
■ . -) mi buffer. Cells were immediately homogenized 
with a motor-driven Teflon/glass homogenizer (Thomas B19250). 
The homogenate was centrifuged at 1700 x g for 10 min. The pellet 
i ws" liii b u Ofem/ation butler) 

and again centrifuged at 1700 X g. The. two low speed supernatants 
were combi. < ' t J3,000 x g (or 30 min. The medium 

speed pellets from all 3 parts were combined and resuspended in 
i) JS0 mM sucrose (in homogenization buffer). 
Portions of 1 1 ' ! were carefully layered onto each 

Ti ™ > k' nuous sucrose gradients made in homogenization buffer. 

. ua^OTOx 

8 for 3.5 h 1 > vf„cf> appeared at the 20%/27% and 

and II, respectively) was 
rsndcentri- 

1 i ' 'it 60 min. 

Plasma Me , ,non I (6 X 

""«;! rap. ; yo,ooeooi ■..,'.>!... ro-iu-r-i^.-.i I:-, od :ro of ivfb- ,.-...■;.,'! y ecco ; 

■■'..re f'.-r oO coy dde: a ioy.ci rrMNi' ipoi arooo da dd :,n J,':'.-; 
:. ■'.O.ii'.H.; ryoi for CO m.io, ore! lie: soyeroataoo ceniainioe the soluble 

do-COa OOOaO •. ■: ar ; n , v.'i.-.Wis loco,., eddidlc prCOedoUi Way; leOCe 

" !h * yclle-ay and yly, eio-coyo., i-oper yniarey sfre cy-obmed vol; 
P«'"i<Ai« cope, 000,1,0;. d:;;-, iieOc,oeo,o. solution o:,so:,!!3a:eiv 
mi) h;u; dcicy b apioryy j > obo eP m bOb oooriiiobi. aoo araooo 
I/O dd yea- ,,( bb- ,io dii.oddei >co0o) =,„- < 0 d before ht-ioji sr,e:i 
■■•-■I'd Or.phn.yfd ibdld cells <b x i;) 8 ) yielded be'ween Mb u e,b 

■ ' 0 .... .!:■.. .;.n a 

'. - 1 . ■ - > 

poeioo. so eooi oococeb y wo.!> Of;;) /(g 0 f so !,0 tl ! e pro ( c ,: r , f r0R , pQio 
-ooio.oi.o.. d'rf. ivii i) oi oorompicie Kreunds adjuvant containing 
> o;o j.,,. ;■:,;,,-,;,,,. ,,...y/ ; .-. s . s; ,., y,,y,; oyioOoo, V>V:i;y 
■ ! ■■■■ - 1 '■■■'•■■-■•■'■ oio.y.iOEo; were given si week 8'f4.2 mi; of soluble 
3 at week 11 
by intraperitoneal 
.."■oiooo; .loo .nuospdoKC oiieroo] I !■:»., „io 



ollected, oaoh dihb.er] 2-foir] vod 



oor.iop- 



Fusion of Immune Spknocytes with Sp2/0 Myeloma (v 
days before fusion «.<■ - 
subcultured to obtain 
days after the final boos., 
were removed aseptically from immune m se- 
lected. Erythrocytes wvia ivsod w;!o ;y, ,:,,!,;,., d., 4 „„ u K . ; 
~: - I be 

■■• -■■ do" bi>o/d !■-.;;, "-]„.. v , ; 'k o.,,, ; ,o ;s ,,,o. .yo.ouooo'os 

described bj d, i i^. 
plates (2-cm s wells, Co-- 

volume of 0.5 ml of HAT medium ioi.o. : C,dd doiry- ■ o; K ivod Md-o 
io day:,, ;r,o;o; voyilo yad i jo 5 coyyio/s. dororootysis iroy; f ..,,. r . w'.d' 
•.■•o:-o, ooocd for y.'y.o.oi.y .0, a Kcreeoiio; .ir-oiy .sec :;io-o.o. yyi , iT ds of 
interest were* , <r (HATm " 

•o-ro-0000 so:yi:o,oeoiiy coorooi. by in 
containing Balb/C thymocyte feede 

- * interest were expanded and frozen for storage. 

footoocy; /i.yoo,.- dopiyyooy,'-. does ioyiyi foyoy ve t fy s yfyi 
ooO.ed 14 its.; foiuy fosooo dohv y.oo. vol'-, of.-.: ,^.'e 

affected 0-K 

performed as, ; • 'a.pernatant or 100 wl of 

PBS-BSA >• ■ 10" colls/ml) 
and mcubat, c. 
75 mm, Fall . 

• d-deibOio) CM: :o :: 'd..-ffiy' :y.:,. y, o 1: . , do d ■ o .. . o ; , y 

' O'OO. •.■..,., ; ; 0;S. 0 ; ,. .. . . 

bound ^-NGF was deter, , 4 i,says (see 

below). Wells were expanded and cloned if the specifically bound )3- 
NGF differed substantia' 1 1 < 1 Kdnvbndoma 

supernatant a 
final PC 12 , 

hybndoma supernatant dilution was 1/4, and final "^I-^-NGF C0n- 



P-NGF Preparation— (3-NGF was prepared from submandibular 
glands of adult male Swiss- Webs' 1 n y, CA) by 

the method described by Varon et al. (24). 

Iodinatian of 0-NGF and 192-IgG—p-NG? was iodinated by the 
lactoperoxidase method described in ( 

activity of '"[-/j-NGP ranged from 1500-2500 Mm 1 1 I" bi, 
was prepared using the chloramine-T method of Hunter (25) as 
modified by Aharonov et al. (26). A sample (300 jig) of 192-IgG was 
iodinated with a resulting specific activity of approximately 350 cpm/ 
fmol. Carrier- free Na m I was purchased from Amersham Corp. (IMS 

Binding A5iays~Binding assays were conducted using either ,5 »I- 
0-NGFor litt I-192-IgGa rt wa 

two times on tissue culture dishes with PBS-BSA before incog me- 
chanically dislodged by a sharp blow to the . u. ' , 
wore washed one additk 1 , l'B>-BSA and 

were resuspended in PBS-BSA at A x 10 6 ceils/ml, For all binding 

O'e-.ooo- iec.y.yi. o,c- i 00 e o-.c yoc Co y , o r 00 1 ' .y , yOo d o! ■. do coco 

were preincubated with 100 iA of PBS-BSA (control) or 100 ^1 of 
monoclonal antibody solution (experimental, 1 

in polyslyrero . , labeled ligand 

(eilher/?-NG. 1 b, final desired 

concentratu n 

60 min. At .< ■ . > , 

parallel tub. - 
defined as U • 

ted ligand was assayed by layering a 100-^1 
'0"coie core :7c ,d c; „, d do m lycrc-ce yyoyor ; ; ,c i'!->-H:^.\- 
b.O-.o oocrofogc icy.. i<iy,,bi:y. i-eciiyiic- Id;,, My Vdov. ;;A- Tcfoe 
lubes were centrifuged for 3 min beioiy yeioc frccco cc on ,;. t; 0.010;. ' 
die tee bath. Ceils and bound o;;eod yeiicicO ;c ;,';.■ co> of ; K 
while free ligand stayed in u;e fooc ;;occ dbijoy coofooay;; bo ooii coiiet 
; :0o.c!ls; were cut. frcco [lie troccn !• bus ami coyno,; y„. ., i,:,;,..;,.. 

f l - • at- , 

were counted to determine free ligand ronceocra- ion „ t Occ oca 'of 
separation. 

Slow ^-NGF binding - . t 

Shooter ill). 400 ^1 of ceii-bcaiid ail voire ■„■;,,. ,;,,;,,„ <..<;■-. -o; ... 
presence of 100-fold ev. 
ated hgand (as measured r 
defined as stew /3-NGF binding. 

192-IgG Production an Hybridoma clone 192-IgG 

grows well 

:re inject - 



older than 5 months w 



GF Receptor Interactive Monoclonal Antibody 



tetramethylpentadecane; Aldrich), One to three 
10 192-IgG hybridoma ceils were injected iiitra- 
ach mouse. After 1-2 weeks, the ascites fluid 
ih! of 192-IgG antibody was collected into bepa- 
S-gauge needle inserted into the abdominal cavity. 

i' a clinical centrifuge at 
nts. The supernatant was 

to 0.02? (w/v) in NaN 

pat aesn;;tt 50 mM 'idis iOO sum NaC!. O.OSes 
Ob because 192-lgC is ar, lgG, (see beiow) which 
tein A, the dm < loaded onto 

!co:;s! rooted by : evidently auacbiny' 20 me of 
(Anybodies, inc., Davis, O. A ! -.o 1 go; CNBr- 



a freshly made stock of HS/» 
into the ceU-ligand mixture { 
with gentle stirring. HSAB w 
Go, This suspension was incu 
then photolysed for 7 min in i 
watt Hg Oriel high pressure a 
filter. Photolysis was stopper 
saline, pH 7.0. The cells were 
once more with the same me 
electrophoresis. 

Sodium Dodecyl Sulfate-Pi 
finity labeled washed PC12 ce 
•' . rU i. pi 

1"0 ^ of protein) .vere subjected to electro- 
pbo-csie on a pop; peieaarypuyip^ abb, !■••! acoardasp u: baereeab. ope, 

"y- - iaootrophcreys de: peis ,varo se:ba>od ia U VI Co, nnn-eae ;b.;c. 



?*hy; syyyyyiy pp. 
arnlradon. sou a, „.,;, 

i the Pierce Chemical 
.);• ice in one ...i...r.k and 
i; me odd natn a 200- 
wdr, ,s :p;0-nsn cdoft 
> excess 10 mM Tris/ 
x g for 5 rain, washed 
eilet was retained for 



' i 1 determined 

by absoriia, 

I lied antibody was used for experiments presented in Figs. 

AlUibodj • >,. ■ Warm 1% (w/v) agar 

(Nobel agar, Dtfco) was poured o , aim (Bio- 

Products r ill)) and was allowed to 

1 ' ' ' ' .ched into the 

agar. Dilutions of ascites fluid containing 192-IgG 
contra) weh . 1 , n,hit anti-i 

v eda, Elkhart, IN; anti- 
IgG,, IgG,„ IgG-t, from Litton Bionetics, Kensington, MD) were 
placed in si , < plates were allowed to develop at 

room temperature in humidified chambers. Precipitin lines were 
evident at 24 h (class determination) or 48 h (subclass determina- 
nt /or Direct Interaction of !92-lg0 with 8-NGF—Tv/o methods 
were used. In the first a polyvinylcbloride 90-well round bottom 
radioimmunoassay plate (Dynatech, Alexandria, VA) was coated with 
25 »l of a 100 ug/ml solution of protein A (Sigma) for 1 h at room 
' •> wi(h PBS 

Rabbit anti-mouse IgG (20 /d, undiluted, Miles-Yeda) was added for 
1,5 h followed by three washes with PBS. 26 p! of monoclonal antibody 
{1/20 dilution of ascite 1 ' (50-250 //g/ 

ml); unriilut! , • .'for MC-/U (50-60 «g/ml, obtained 

from hybridoma cells produced by Zimmermann et al. (27))) were 
added for an additional 1.5 h, fob. . i with PBS- 

i ' ( led monoclo- 

•niol of monoclonal anti- 
body per wcMM 

•><«) ' ' '192 nM) was added to 

■ ' ' i . < ■ , m 'emperature. 

>. PBS-BSA and were cut 
11 ■ ' i "i counter. 

The second . < . that 192-lgG 

which were 

sinn!.-.) to ibo.se in the rabbi ,y.o : y as-y.vs. 100 yi of "'Mabeied MC- 
iv .fir • .hated on ice 

li " ■ , iM, 1 

. f Sepharose 
i i m\ of Sepharose 4B-im 

NOP pon-sPeCiec o.. inyy 'NOP .adivnted Sepharose 4B; calculated,-}- 
bOOf conoenlrabcaa ; ry nOpbarese was approximately 00 psnol/40 
(0 ol sharpy; ns-re oOOtyi to Ode above sioxryrres and incubation onus 
oarcoo: on a... m- an a.:::b„., a a Sepharose was separated from 
one '-doboieiva ;n:i:e"sp earners by a .rapid cenuifugatimi as de- 
sehbed :oo b ;res ae b ■ Oiraiin,; asaava. rbaa a'ia.d.y boom; be 

0:.a bos:,a..v: or -a obey so-o-NGr o'ao assasc;! in. a a- yaantar. 

- ' -1-GF and "'1- 
' * ba^Hague et a(. 
• a cells (2 x 10* cells/ml) 
)n bO ;aa: II. pe.s/Krcbs-R.r-.ger saline, pH 7.3, containing 1 nag/mi of 
sobs a aoe.-.e and i;ovmo serum aiijannri veeto incubated for 60 mm 
on ice with ') - shy absence or presence of unlabeled 

the end of this period, 
ss-linking was started by diluting 



>' * >.)ij;, ^-galactosidase (M, ~ 

116,000), pho- , nunc serum albumin (M, 

' a 'ob;. .a'aban-'ai, bay. - j' ,;,o.;,y ;.,,.,; .yyy. : , !V :.. , lM , 

31,000). 

ff-NOF m i K-ay— The bioassay for 

NGF utilizing PC12 < ii o Greene (29) and was 

modified as follows Hi rm 60-mm tissue culture 

plates (Falcon, Oxnard, CA) at ai , « iq cells/ 

plate with 1.92 nM /S-NGF added every second day for 8 days. Cells 
were removed sterilely from the dishes by gentle trituration with a 
pasteur pipette. This procedure- a, neuntes 
from cell bodies. Cells were washed by centrifugation (3 min at 600 
x g) once in fresh scrum-containing growth medium and twice in 
serum-free growth medium in order to remove 0-NGF, Cells were 
resuspended at 6 x 10 3 cells/ml in serum-free growth medium, and 
0.5 ml was plated into each well of 24-well tissue culture 4 
had been treated previously with 50 ng/m\ of poly-i.-lysine (Sigma) 
for 45 min at room temperature followed by 4 washes with sterile 
glass-distilled water. Colls were allowed to attach to the wells in a 
tissue culture incubator at 37 'C for 30 min, and then 4.00 jd of 
Dulbecco's modified Eagle's medium containing bovine serum albu- 
min was added to bring the final serum albumin concentration to 1 
mg/ml. Cells were placed m the u < . •, . < „tor for an 

additional 15 min before the addition of /J-NGF (various concentra- 
tions) and/or other effectors. Plates were incubated in a tissue culture 
incubator for 24 h and then were scored by examination under a 
phase contrast microscope for the , ' ; 5 aggregates 

■- nab. ,o.i,b. and n;o ir ;n . ,a p,,. j , ■ , a a :; ,.,y,., . 

26 (,m) in length. Each conditio.. oate and at 

least 200 ceils/well were counted. 



Hybridoma Production— Immunization of mice with sqIu- 
bilized proteins from isolated plasma membranes of PCI 2 
cells yielded immune *pi ., when fused with Hp 2/ 

0 myeloma ceils, generated a hybridoma clone producing an 
antibody which intera 1 - I 

Mice were also immunized with whole PC12 ceils or with 
isolated plasma membranes from PC 12 cells, Fuhi. • 
these spienocytes yielded no hybridotnas producing: • I 

NOP 1 tiding, .Mioufl lie 
80% of the initial fusion wells produced antiboda 
bound to the surface of PC12 cells (data not. shown). 

rj2-igG was nebiocted for sdady bocnos'y \ R ,};,;_■ onba! aorofon 
ing of more than 600 supernatants, only the supernatant from 
this one well increased the specific binding of 0-NGF t I 
cells at subsaturating 0-NGF concentrations (1.92 nM). 

The concentration of antibody produced by this ■ 
serum-free medium (Kii " 
as determined by ra . 
though ceil growth \ t „ - < 

fluid in oha - - . . 

of 1-5 mg/ml. Induction of ascites fluid by these 



Ill 



younger ooo>' (o oionfbo oicl) 
oooobor of oooe uoooVood soli 
The effect . 



NGF Receptor In; 
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s a larger 
tther than ascites tumors. 
i supernatant and ascites 
■ 1 binding to PC12 cells 

I. The dilutions needed to achieve 50% of 
the maxi < • ■ -, 

3 of the an- 

!i.v>dy coooioooo. o.oo; Uh- ; .c- preparations. 

i i^sion assay 

< I ■ • : - jciass of 192- 
IgG. A range of dilutions was used for both the ascites fluid 
'•"id hue which 

formed was sharpest at a 1/10 dilution of ascites fluid and 
.i d rabbit anti mouse IgG antiserum. The precipitin 
line in the subclass determination took longer to form (48 
instead of 24) and was sharpest at a 1/50 dilution of ascites 

Ull !i. . ■ I 

Antisera against IgA, IgM, and IgG subclasses 2a and 2b did 
not form precipitin lines with 192-IgG ascites fluid. 
192-IgG Does Not Directly Bind 0-NGF—A possible expla- 
! v 'v -case in /3-NGF binding to PC12 cells 

observed m , oing assays and in Fig. 1 was that 

the antibody was able to directly bind /3-NGF both on the cell 
surface at il • was tested by attach- 

ing 192-IgG to a polyvinylchloride well and then incubating 
the well with iar 'I-/?-NGF. 192-IgG did not specifically bind 0- 
NGF {Fig. 2A) although a control monoclonal antibody (MC- 
/3l) had this ability. Likewise, a monoclonal antibody (151- 
IgG) which interacts with epidermal growth factor binding 
did not bind /3-NGF in this experiment. 
In another experiment designed to approximate the condi- 



i tiding to PCI 2 cells at 
o't.Vf .ooo. o.oo oo ioooooov OiooO,o-.; Ooo! O.-ooo- eo K oo 

' 1 . -hes The cells 

1 1 before being 

ponded al aiii.io.o owiy j x off' o,io.o,)i in PBS-BSA. Cdjo 
o 1 '. 000.0000 ov;o oodo.i :o ..« o "C ocffoo ooc. Oil; ,.,! of,.,!; 
r: '"'-- ,: - ''-voO V o);i ,o o! ooubooo, i.,if.-; Soiodio; (4 doooo 

CO !«:«!■;." Voo, ooo 00.00: ovoho :;0 jo;o i.ucr, 200 ,.,! of <»IOO 

oo.dfoioooo.ho-. 0.00.0 Cio . .r't, . 

faf'i'J « -l ; : f, .:0,,,.o slop ;o, rie:,c -dooj i, n ,j t .. "Materials mid 

•0 local shown on 

- or.o-.o, oi o:oooo..o;.o:ooo!oo!\0r'oo:,o' 

''■'■■■■"\y oooo-.o :■ oo-o , o: ; ,.;o„:o 1 o.o,oooo' ^:ogo, a 
: '' -'ooooooo ,00..- \' .■otooooo b. 00:00; ii.i.' v.,.o .0000000; 

:ooo- poo. 01;: oooi 000;. 1 han 10% of control binding in all casef 

po:::t represcooo the mean of triplicate samples. Standard dp. 

ns were less than 10% of the value in ail cases. ■, culture 
fluid. 
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PVC Welt 
--Ab (being tested) 



a total pro,6! ' nA 
EZ3 non-specific 



NGF-SEPHor SEPH 
□ totol 

0+NGF(3.7 M M) 

z^-vn 



NGF-SEPH SEPH NGF- SEPH SEPH 
l25 I - MC 01 (300nM) '^IMsi^IgGTT/xM ) 
FiO. 2. 192-IgG does not directly bind /3-NGF, A, 
pla*c wells wcr- loaa ' , , , 

IgG antibody, and monoclonal antibody (Ab) as described under 
"Materials and Methods." ,M I-p-NGF (1.32 nM) was added and in- 
cubated at room temperature for IJj h. Nonspecific binding was 
assayed in the presence of 192 nM unlabeled /3-NGF, Values shown 
by bars are the mean of duplicate n .t .-r of the two 

points measured are indicated by PVC, polyvinylchloride. B m i- 
labeled antibody was m< - w j t b 

beled/J-NGFfor30mm 1 , ■ i.SEPIl) 

or Sepharose 4B was added and incubation continued for an addi- 
• ticn mixture 

as indicated under "Mat ' - ' u j antibody 

was detert;-. „ k 6 hown are 

the mean ol ' , ' ± S D. 

tions of our screening and binding assays, /3-NGF which had 
been immoi . , , • '1 

192-IgG (Fig. 2.fl). A control anlioooo w 0.000. 000. oook- ,v.*ai.y.| 
/3-NGF w ... 

specificity of this binding was determined in parallel t> > , 
which contained free (3-NGF as well as the 0-NG1- 8» 

I..' , V, , o , 

(31 but had no effect on the small amount of binding; of '"■]- 
192-IgG. The nonspecific bind j was to Seph- 

arose rather than to the /3-NGF in the 0-NGF-Sepharose 
preparations as^is shown in control experiments also pre- 

These experiments exclude the poosbouiv that oho odbo t. of 
192-IgG on 0-NGF i 
interaction with the ligand. 

192-IgG Increases the Apparent Affinity of (3-NGF Bind- 
ing— It was noted during screening as? n- 
192-IgG on /3-NGF b , z - r > , 
iions of /J-NGF. This 

' 1 the dissociation constant (K n ) 



could be due to an alteratio 



1 



md degradation ii 



'i N'GF lot or both of its 
ii;-.: «,>•:. v-ere performed h; 
dd dpi.: >'>'' rood ;o order to mcasu 
soea :/; seerae-rc ids n-eseher of I") 

PC12 cells. m I-0-NGF concentra 
23 nM. Assays were performed on 
bution of sequestration, internals 

an effort, to meet the criteria needed for steady state binding. 

'The results :eo- p.-aoaueo hie-soo: isolhorms in Fig, 3,4 sad 

' ' ' P.g 30. The measured K D for 0- 

NGK ifj this esp.sssas; i e-.ss dad oM without !92-igG sad 03 
oM in the passed; i.- -a ddiOed. or, moresse in affinity of hah- 
load 

i < i -n affinity has been as great as 4-fold. The 

Ids igG, hherehsoo ;rooo.is>.a doe -diinitv ,A !hc issi NGF-R. 
I ' ' nd ibsence of 192-IgG, the number of fl- 

ung sites was approximately 30 fmol/10 5 cells or 
180,000 <\< « i "iment does not show 

whether U-2 Kndmg The cause of the devia- 

tion from ho. plot for fl-NGF in the 

presence of 192 -IgC (Fig. 3C, opro fireiw) is not known. 
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-so-so •->: i, : .s-:i,-! O.oiso ss aes-oisto under "Materials 
--'p-r.-'o:'- Oi.KSss has beeu subtracted from el) 

2p: :« -or-e-.a ., a-SiO , ; a..--,,3S- weaves- - ■ Siio ..'.< 
) us 192 IgO (67 nM, final 
1 vnn A, m l 192-IgG alone. 
'* " ' < ,dataof<4andBpresented 

• l drawn by the method of 
- - 0.091; O, ,!!5 l-/?-NGFpIus unlabeled 
• :atH<n), r «■ -0.949; A, ,a l-192-IgG. r - 



>e Monoclonat Antibody 

192-IgG and p-NGF Bind to the Same Number of Sites at 
0.5 "C on PC12 Cells-It 192-IgG is an anti-NGF-R antibody, 
it should bind to the same number of sites on PC12 cells as 
does fl-NGF. A binding assay utilizing m I- 192-IgG was per- 
formed using concentrations of antibody from 0.08 to 40 nM. 
Again, this experiment was performed at 0.5 °C to reduce the 
complications inherent at higher temperatures. A time course 
of binding of 192-IgG to PCI 2 - r !<MUr VlAn 

90% of equilibrium binding had been reached by 120 min 
" hC!: ^s-I s G oeocentration was ii nM. At a higher concen- 
tration of 192-IgG, 100% of the equilibrium binding had been 
reached by this time (data not shown). Fig. 3B shows the 
dimiinK isotmosn for Id2-ipti seai Idas oh centaio? tses deat- 
chard analysis of the data. In this assay, PC12 cells bound 
approximately 32 fmol of 192-IgG/10* cells, an estimate which 
is in close agreement with the amount of fl-NGF bound. The 
calculated K n for 192-IgG binding was approximately 6 nM. 
When fl-NGF was present (7.7 nM), the K D for 192-IgG 
binding was shifted to 4.8 nM, a slightly higher affinity. The 
number of binding sites for 192-IgG did not change in the 
presence of fl-NGF (data not shown). These results also 
exclude the possibility that 192 ' . rt-ctly to 0- 

NGF. 

192-IgG Retards the Appearance of Slow 0-NGF Binding at 
37 °C— Binding to the fast NGF-R which is the major class 
observed at 0.5 *C was affected by the inclusion of 192-IgG 
(Fig. 3A). It was of interest to examine the effect of 192-IgG 
on slow NGF binding. This slow binding is best observed at 
an incubation temperature of 37 °C and at low /S-NGF con- 
centrations (11). Both 192-IgG and " 5 I-0-NGF were prein- 
cubated with PC12 cells at 0.5 *C in order to establish equi- 
librium binding conditions before inducing the appearance of 
the slow binding component by shifting of the incubation 
temperature to 37 "C. It was found that 192-IgG retarded the 
appearance of slow 0-NGF binding while enhancing the total 
amount of /S-NGF bound (Fig. 4). In the presence of the 
antibody the ratio of fast to slow binding was much greater 
than in its absence even after 90 min of incubation. 




MINUTES 

FiC. 4. 192-IgG slows the formation of slow /S-NGF binding 
at 37 "C. PC12 cells wore prepared and resuspended it t - 
mately 4 \ , tubed in Pig. 1 1.8 ml of ceils were 

added to 1.8 mi of I.92-h;G (138 nM). and the sas, voe ee-easeee -,s 
• h |>Ml or '6 ml e< 
. 1 18 nM) w< c added and »!« u\ 
continued on ice for an additional 60 min. Points shown for t « -30 
'-ad ; - ■ a were tseaaa«d Oar-as this : i- o tOis-ti- -r:. The leie.s were ,;s-i 



tion - 19 pM; final 192- a 

activity - 2418cpm/i«,e • . . 

, total binding; , slow binding. 
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The incubation of PCI2 cells with 0.15 nM !J8 I-NGF fol- 
•he heterobifunctional 
has previously been 
■ ' one membrane com- 

poaeot. a ioeb ooarates on polyacrylarntde eels containine 
' - - • , --ng to an M, 
d-NGF, an additional 
component with M r of 100,000 was found to be labeled when 
ih(! same eross-boeno; protocol was used fad). This is smiiiar 
to the results obtained with sympathetic neuronal menv 
'abeied components with M, of 143,000 and 
i 12,000, respects elv, wore also observed when !3 *'I-rpNGP 
'>'<'«« cenobaaPby ereSsboaPPs - then; sy?; : . pp-. Um k,, sis of , 
odiereaOaal aoaceptibbiiv of the two labeled bands to dissoaa- 

lion in the presence of excess unlabeled 0-NGF, the M, = 
loK.OOO species was identified as the slow receptor (chase 

' [ >'> ! i- t mailer A-/, = 100,000 species as the fast 

receptor (chase labile' .st rated in Pigs. 3 and 4, 

' " ■ A b 192-lgG resulted in increased 

binding of ,a i-/i-NGF to the fast receptor. Therefore, the 
presence of 192-lgG during incubation with ra l-^-NGF should 
lead to awl. i • , . i he labeling of the M, = 100,000 
(fast) receptor species. Fig. 5 shows that the labeling of this 
species was indeed increased, when 192-lgG at 33.3 nM was 
present during the incubation with 0.1 nM "'I-jS-NGF (lane 
2), as compared to a control with no antibody present (lane 




1). A concomitant decrease in the labeling of the M, ~- 158,000 
slow receptor specie, . , 
noted. At low temper,/ .-• 
on binding of NGF 

i . N ■ 
observed increase tn the affinity • fast receptor, which ,t 
the/J-NGF 

in the amount of fret i i 

192-lgG prior to the addition of -pb-bplb Pa; not norsro 
the labeling of the M, = 100,000 component pane ros: sneerae 
The same cross-linking protocol was used to otvest asao the. 
nature of the protein on the sarosoo ea bid 5 . • a.- . : - -, v w a.. 
192-lgG binds, in part;, . , , 

wait: a >•:■,-. , NGF - ; ,, „ , ve; „ , . 

protein. When PC) 2 . . - 

with 6.67 nM l26 I-192-IgG, a m , r . . in bands was 

found to be labeled (Fig. 5B, mm 1, i unpen h between 
bands arising from co , , 

component(s) of PC12 cells and those merely representing 
intra- or intermolecular cross in antibody 
which had not been washed out, ,J *M92-IgG was cross-linked 
with HSAB in the absence of PC12 tell 
long-lived reactive photolysis products of HSAB by incuba- 
tion in the presence of 10 inw 

ice, the cross-linked a > cells m l 

incubation was continued for another 60 min on ice. Compar- 
ison of the labeling pattern obtained under these conditions 
(Fig. 5S, lane 3) to that obtained when PC 12 cells were 
photolyzed in the presence of both !ra M92-IgG and HSAB 
(Fig. 5B, lane 4) shows that under the latter incubation 
conditions, only one major band with M, of 160,000 originates 
from cross-linking of ,25 I-192-JgG to PC12 cells. All the others 
(with lower M,) were also found in the prephotolysis control 
(lane 3) and most likely represent cross-linking adducts of" 
,M M92-IgG which had not been washed out. 

The observation that the labeling of this M, = 160,000 band 
was not affected by the presence of excess 0-NGF (data not 
shown) has no significance sim ti , CtoPCl2 
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added to half of the welis at a 
was added to all wells at lb 
control wells. Resuits are pi 
response observed {45% of tl 
basal neurits formation ir 



IV; 

iioa ro^opioiw on iPdl". coda and oho P % ,,w p,. erow.-Prb;eo ,, 
these eed-, a pro op ; a;s.d>aud m ,,,, ,,..; U , .■, , 

«« "'0 0 Odd- ,a bw ,oio.s- P,,se ti or ,a toe presence of ePCd dm 
O-SPbeb aoae so jed b-oe ,!y,-<:..( oi tbe nreseota/oi 50 ,,M MSAia P 
J OdS etas was aaa bate-.: oar 00 roan or; as, with 6.0(5 dm ''"1-192- 
' •• . HSAB and 
a. 1-/ (lane ,?) or 

' " ' -'—a- Oaoa P, For too-: P arose dinkpii; with HSAB 
> - • M „ . 

Wi o,a,a- rw; oadats were adoodowd and samoies (100 m of ceil 

, da'rj'deviationTa 

'-otoradiographsofpor- mean for all points. Each point represents the 

as-linked wells with at. least ' -, \j< ? a j on< ,* , a 

NGF plus 192-lgG (300 nM). " 
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,n of quadruplicate 
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192-IgG Inhibits NGF-dependent Neurite Regeneration in 
PC12 Ceils—Primed PC12 cells on poly-L-lysine regenerate 
<K 1 29), This provides a 
. a e response relation- 
: [ '\ N): -'-'- v l'C12 cells. The antibody 192-IgG de- 
<:K;ii; "" < - -' i:f ' iasee-aiiaee ecdis which regenerated neurites 
''; V!-r y ; ::i; ya ; ' ; ■ •• ■•'<■<>'' arc radons from 2 to J;ipM {Idea 

mamed jasi ri ( 
and indeed at higher 0-NGF concentrations (192 pM), the 
derceaaaa .•: cods eyeaa;o,i-; n e; neurites in the presence of 

' ' 1 -''^ ! "" coafrd s-fiiuo^, d'hese ; 

are . -.vat.., !{,,. • seat . ' c; -. . 

NGF binding raUit 

the ceil viability. 

DISCUSSION 

Sympathetic and some embryonic sensory neurons as well 
as PC12 cells exhibit two classes of NGF receptors (11, 12). 
A comparison of the dose-response curves of NGF-induced 
neurite outgrowth from sensory neurons with receptor occu- 
I i i iggests that this biological response correlates with 
the occupy affinity receptor (9). The same 

holds for PC12 cells (32). Whether the slow receptors pre- 
exist on PCI 2 cells as suggested by Schechter and Bothwell 
(12) or are formed as a result of ligand first binding to fast 
receptors, followed by conversion to the slow form (11), is still 
not resolved. 

The monoclonal antibody 192-IgG increases the binding of 
/3-NGF to the fast receptors of PC 12 cells at both low tem- 
perature and 37 *C. The fact that the same number of /3- NGF 
and 192-IgG molecules bind to PC12 cells at low temperature 
supports the idea that 192-IgG is an antibody directed, at 
' . i st the fast receptor. However, it, is still possible 
' ' 1 1 " <! i i mi then il- urfare protein pres 

ent in equal numbers to the fast receptor and is interacting 
11 i ' lirectly the antigen recognized 

by 192-IgG by a protein transfer technique (38) have thus far 
proved unsuccessful. In an alternative method, the cross- 
linking of ll!5 l-192-IgG to PC12 cells revealed only one major 
specifically labeled band with M, of 160,000. However, since 
0-NGF does not nihil u ,g to PC12 cells it is 

still not p. king of ,25 I- 

192 -IgG to one of the 0-NGF receptors. The band does have 



ross-linking of o 



if bands which 
'Cl2 cells are 
oss-linked ad- 



o moleculai w< tght i isteni < 
heavy and one light chain of 192- 
corabined chains) to the fast recep 
« 100,000 con; A \ ti . , > ,j 
' i c i phot >lysis in the a! 
consistent with those excoereo -aa: 
Im 

'Yin: enhance!;, em. a; . c the ias; raeeayir >„~ . 
to a 2.5 to 4-fuld increase in the affinity of 0-NGF and not to 
1 ' i he 192-IgG 

did not affect the amount of u .tid to slow 

' • i ' ' 'ppearance 

<>i aasaay a C;r, , o;:c:,fu; {Kir;, -i). This latter effect couid 

station of 0-NGF with 
i (he rate of 
■ tplc, steric 

, - ' ' .-reused the 
i - previously identified 
"• ' ' • c>a nnked to the fast receptor (31) further 
. . ' - diances binding of 0- 

NGF to the fast receptor. At this temperature, the observed 



decrease in the formation of the M, ~ 158,000 complex in the 
presence of antibe I 

availability, at any given /3-NGF concentration, of 0-NGF to 
land to the slow receptor because of the incr^ed a} v ;«sv 
the fast receptor. Alternatively the antibody may al, 
conversion of fast to slow receptors. At 3? <C at tow 
trations of 0-NGF, the antibody inhibits nnmtc ou 
from PC12 cells while at high j?-NGF concentrai 
decrease of biological activity Is observed. dldse'teci *■■ 
again be explained by either interference with the conversion 
of fast to slow receptors or by decreased binding to the slow 
receptor at low but not high /3-NGF concentrations. Both 
explanations implicate the slow receptor as the key mediator 
of the biological action of NGF. However, the explanation is 

csa as .caipie as this aeeaese die eae.aaape> r: cent) exesas 
ment showed that the amount of slow binding finally achieved 
in the presence of antibody was at least as great as that in 
the absence of antibody. It app.% ' - , t simply the 

extent of slow receptor occupancy which determines the bio- 
logical response but rather the kinetics with which this oc- 
cupancy occurs. The 192-IgG antibody may prove to be a 
useful tool in defining these kv . a, as well as 

defining secondary causal steps after /3-NGF binding in the 
pathway leading to neurite regeneration. 
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Potent Human p140-TrkA Agonists Derived from an Anti-Receptor 
Monoclonal Antibody 
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Monoclonal antibody (mAb) 5C3 directed against human p140 
TrkA is a structural and functional mimic of nerve growth factor 
(NGF) and ar< i i v agonist. mAb 5C3 binds in the 

NGF-docking site and, like NGF, it promotes TrkA internaliza- 
tion, TrkA and phosphatidylinositol-3 kinase tyrosine phosphor- 
ylation, anr i i . M stion of TrkA-expressing fibro- 
blasts. More important, mAb 503 protects human TrkA- 



expressing cells from apoptotic death in serum-free media. 
Interestingly, agonistic activity is observed with monomeric F. 1B 
5C3 fragments. mAb 5C3 (K a -2 ny) was used to study fea- 
tures of ligand binding by TrkA and the distribution of TrkA 
protein in normal human brain. 

Key words: NGF; receptor; TrkA; agonist; antibody; ligand 



1 he '1 rkA receptor is a 140 kDa transmembrane glycoprotein with 
1 " 1 ! in i i , t\x u-m giowth factor 
1 ii i 1 ! Klein ct al, i 091 J NGF also 

binds with tow affinity to fi p75 receptor the signaling function of 
which is unclear (Chao, 1992). Homodimers of TrkA or het- 
crodimers of TrkA and p7S bind NGF with higher affinity (Hemp- 
stead ct al, 1991; Jing ct al., 1992; Mahadco ct al., 1994), sue- 



:;.r-. a 



specm. 



sen.-env and sympathetic reenaan.5,. possibly in. chodmnsae neereaa 
(Cavicchioli et al., 1991), within ' t - ... m and striatum 
(Hoitxman et al., 1992; Verge et a!,, 1992), and in some non- 
ncuronal tissue (C hcvahet ct al., 1994), Functional studies of 
neuronal cultures in vitro have suggested thai TrkA protein is 
expressed thro ghoul 1 ell orfa (Campenot et al., 1994). 
However, whether this also is tun ithi ! i ir i itccture of the 
| i < • '■! .tablished. 

NGF promotes She differentiation of certain neuronal cells, is 
mitogenic for TrkA-tt n t , <ind allows survival in 

semm-deprived condition t! ii tyj ' \ anon of the 



ofT 



PY), 



m (PI-3 kinase) 

t^Ho!! n ai. Idad;. kdo eisase ■•- .nvod.c-d in protein trofiiekiiig 
and tndoc i i 1 ' . i , review, sec 

dandnn and Stephens, !<>';.',; Because microinjection ot NGF into 



s,a,risCS,ss,,Uidas i ,J, 
I. inaaeu-hi iOoabec) ea 

aval SS ;„.„ : -;:|, CSa.:Sil :i 
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Memorial Slonn-Kcucrhig i •„< . 
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cells does not induce NGF biological signals (Heumann et al., 
1984), cell-surface receptor ligation and internalization of TrkA 
or NGF-TrkA complexes must mediate these effects. 

TrkA, like most kinase growth factor receptors, signals through 
receptor oligomerization (Heldin, 3 995). Thus, monovalent TrkA- 
binding agents are antagonistic or have no biological effects (Clary 
el al., 1994; LeSauteur et ai., 1995), whereas bivalent receptor- 
binding agents such as NGF (a homoclimer; Bradshaw ct ai., 1993) 
or antibodies can be agonistic. The principle of using polyclonal 
antibodies to activate neural receptors has been demonstrated 
previously (Clary et al., 1994; Twyman et al„ 1995). In contrast, 
only a limited number of anti-receptor monoclonal antibodies 
mimic ligand functions (Galloway et a!., 1992; Taub and Greene, 
1992), and none exists against neurotrophin receptors. 

In this study, we report the development and charac k , anon 
of an agonistic anti-human TrkA mAb 5C1 th >( i.voyan < , the 
NGF-docking site. mAb 5C3 was used to characterize the pattern 
of TrkA protein expression in normal human brain and the 

1 i i ' \> -» !H.hl s 'hi 

NGF in bioassays, and monomci t i. j bmding and 

functional ag f t| be useful to identify the 

NGF-dockme « ,>% > pharmacological lead 

MATERIALS AND METHODS 

Antibodies 

Female Balb/c mice we. l , , i \ , ) „ | „ , , lUl 

with human TikA, anai sntenocvias vsom aessi a' aaaa; .as-toma. 'av ;e c 
-!,<:,! n, .iitter- 

lamai tannine between ant: arsk:e;ea and I rkAdise.'daataa a.ds . ; aai« a 
» i ■>< n 5C3 

litfi-iUail aan idaanticd a.Kt iaaauana; aaa,: n:ai', aav. , : ,;■ ana 
(mnlgG; Senna, St. tanna, MO;. andmhosedaaaos,™: ; 
t . ■ aaaaaa.a. a. ire Vw-.-t n d a aaa men- in,', ,„,,,,,, , ; , , .•• san; t 
na-aan- iiaa /amahee ; aaaa !aaaai.,-.ad a aaa' n,. .-,,.,„ 
anti-rat p75 ;nAb MCttd'k aaaniswere a aid fraaa la (Vvke. aaa : a :'att 
inAb 87.92.6 (Co cl ai. h 
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mAb 5C3 was purified (1 mg»'ml) with Protein Q-i 
digested with papain (10 /tg/mi, Oit\ 
dcscrilwrf previously (Coligan ct at., 1991). F., 
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:'■■■■■■■<■■ .■■•-•■■■■<-\:V p-lei, Taicebnobepb aad Prcnein G-Sep!i.,- 

rose rind < uvu „ laiacterized by 

" ' 1 0 1S (100 ITIM 

2-mcrcaptoul am , | t , „ 

i i s ' > ,.r trly. 

CM //nes 

%1 ' Xi v mouse NIH- 

> * v isiveraiPC12 

pbeochisanncve. 1:.;. !■■:;;:. a na.e. dT.e! "i esnehuaiss, and lucrum licba 
" 1 ' i with human 

pbban/,.s' cbbbA (bee ecaad v.sds ,dfr .. pp-pa, ;/.bd rails'), or will: P 7e a,,,! 
pbJdinsrb >:i)N/v, (k / iebsp.,,e niceeice p,s en- pp B:<ibacid UiiiH ci ak. 
dTk; Tile b7b., ; cpaJr,a. i.e. pps; ..id's-ii P r .,, p ; sp;cssn>p a-bore:. 



Competition of f 125 l)NG' , 
ceils with excess imktbcied mAb bC3 bkp.p ;!l A.k ; v -?'-.:.) , ' : 
binding bufTu t , r, ,, 

saturating cm , <u.batcd for an 

aueibonal 4k nun ai 4'C. cells vecre washed, and ,. ub en reused 

For Tceeptn; • i 

bandana agems i'O.OI ue eb ue\b pppp a .... p.p ; pp , ...j, '„<-] 
liBSS) for 20 icie el; her a! }T"C : ua er.uitieeii ee ee.ensiseee eeeiHanierc) 
cr at 4"C (TienKbiaiPaeuuKuipicaasues p.en.-.eu.enu.u ddb.e ereshuir, 
cells were pt> . . 

elkd primarv ami i-'I"! C-Geinii-'.' ; seomckuv as described above and 
FACScan. 

I rohfera; ivniiUi viva ! n sas 

Cells (5000 cells/well) m scum fit i i , upplememcd. 

"■da Saba deb v a,c a;.acb : 0 sv.-veil ace ; b'bena, emend! Far!;, N.lj 



d :■ i bb , 



d ■ kO 

vn), i 



ted in binding buffer 
ed with fluorcscein- 
mousc IgG (FI'I'C- 
ua) secondary ami- 
s were acquired and 
\s neaalivc controls 
\b 192, or 192 F ai> s 



1 i i , pU-ovinnpl 

' '> j I,,,, i j , | , 

■■. r.e ■ ....... : 

iyzed by SDS-PAGE directly (whole cr II 
numnnuprecipipbion. 

■ i ' a electrophoresis 
tiwi}7<- i 1), I i , , Ullg (100 II 



rsiGd; 



mm - in piotein mark- 
Piotcm eonacmeenms rvere uaeuub 
.'vbdvibe, NY) and be paradei Cor- 
rscis. dor VVesleni iiioiuee, sampan 



' , i were used ao 

1 ' analysis ft is 

pei formed asiii a bbederscan s;Pupwiiec dcnsnnirKber bScamdviics. f? i i - 
easea, MA) and a bcammasicr (iUampd.s Hudson. Nil). 

and miemaltation assays 
' i - >rd, IL) method 

(Habeas aed Lane. bk'H.Yi a. sporadic aeiuupc ,,/ i.S a>( i/app ( i2 *d 1p<b; 
' i 1 1 X ] era 2 ) to 

" ' " ' ' ' 'aiding studies 

of [ m l]$C3 on 0.5 x 10 7, E25 or 
1 • ' '< -'04 cells; data 

'ice f ,25 I]5C3 



asaap 

f. d cr plating as 

initially desuib 

readings of MH \ ■< 1 ( i u 

Rad) at 600 i m bn icted. Assays were repeated at least 

Foci-formation assays 

B2S cells (15 x IR 4 ) were, plnlcd in a 25% scrum containing 0.35% soft 

,P'I MAPI , ^ | 

Mg/mi), or KGF (2 nM). Conditions were replenislted cveiy 3 d, and focr 
were counted after 2 weeks. 

Immunocytochemhtry of human brain tissues 
Human brain (issue was obtained from six males {age 71.7 ± 4.6 years) 
without signs o' l j i , t te blocks weie 

prepaicd (mca ? hi) and stored at -80*C 

aprca :e.d;P (2d ; deck) v.e;e fixed ' n'mi H bn a' 
phosphate, pH 7.4, foi 1 hr at 4°C j d , ' p> r l hi at 4"C 
!iaa:a n ;K-yn i ,. !1 , J ;s,irpy was pebeeaiH.sd .isin?. a'.edni • biotin ecsrapies (Vir.s 
lastain Elite k,t i .. as described 

previously (Hsu . ' , e( | c „ hc , aS a 

I M i in c sispei 

natant. Nickel an > • hl 

ihc diaminobeii • ■ i i , 

with cresyl sin,.' i in , 

controls were • , jb , „ 

IgG as primaiy j u i i , i 

RESULTS 

Characterization of mAb 5C3 

To assess mAb 5C3 specificity for human Iik , \ j < i 
lacking Til A were aciaaiiicd for dillcienua! Imading by Jd'\d"Sea.ii 
aiia:ys,s measuring cell-ussociiueci buercseeeec. Hincimg of piAb 
5C3 to notipermeabilized TrkA-c^piossing cells dti 
iha; n recognizes the extnicclluiai domain ad ipmp.p TrkA (Table 
1, Fig. M). Human TrkA inmsfectant lines. 4-3.6. E25, and R7 
bound mAb 5C3. In contrast, rat I r d i i; Irk A and 

rat p75), r.t! I >» r t p75), Z91 

(NIH-3T3 iransfected with p75), wild-type NIH-3'H, or NIH-3T3 
cells transiently transfected with h pi i t tihh 

cDNA did no! bind mAb 5C3. Thus, mAb 5C3 is specific for 
human TrkA, and coexpression of rat or human p75 does not 
interfere with binding. 

The concentration of mAb 5C3 required to saturate TrkA 
receptors in E25 ceils \v v determined b l vii p increasin 
amounts of antibody in FACScan assays (Fig. Li) cc| to 
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1 u.iihpmgwitli mAb SO 



Cells 



E25 (hTrkA) 

R7 (hTrkA/p75) 

Z9! ( P 75) 

4-3,6 (hTrkA/p75) 

B104 ( P 75) 

PCI 2 (rTrkA/p75) 

Transient NIH-3T3 

Transections 
htrkA cDNA 
rtfrfrfl cDNA 
m*3 cDNA 
cDNA 



" !ir '- :U ' ! i n,na,i,i ; , ;.■ .\ piS, ].:/,,, ,n SnTp '!/>. A i'^JIZ 

' ■•■■■>' i in/,! s<-- ,,,-;.,js ... , 

on of cDNAs 

A ; ,ih > ''■'■■'■'■•"■■')■ -k'.lv i:::n]:.i-:i,'M.i:.!iih.i m; arc imlici/cd ,is - , ; r ; i,;^:, 
■ li.ickground fluorescence; see Fig, I). 

" :u .S < : ; : \ h "a »«,:. ■■■<••' /ifi."'ci;i,:-> iqansciil r;:,. v ;cr lUiinbcr 

l, '; i '> u nl,n »<>■■•<»'• ■'■< :>■■■)■ r. Nil: -,t >. l,n;,M, Hi.,. I..;:.,. ,:i<.!. ,„.i I |,| , 

' 1 , u i not sh mi ) 



' 1 ' > ' i 2 jug/m! mAb 5C3, at which concentration 

'' 1 ' 1 i i i i i i n > > wuh n. Mi 

5C3 F tlb s demonstrated that specificity (data not shown) and 
saturability were similar to that obtained with intact mAb. Lower 
11 ' i <a Hons (0.7 ^g/ml) were required for receptor 
saturation (Fig, W), Because the molecular weight of 5C3 F is 
threefold lower than 5C3 IgG ( -50 vs -150 kDa, respectively), 
equimolarc , > ligands were required to 

saturate h'j'rkA. 

Western blot analysis with mAb 5C3 revealed heterogeneous 
material of M r 140 kDa (p]40) f< ,„ P f - D j 25 and 4-3.6 
cdLsb,lf iK,t 1 1 ' i in us, a band of 

-110 kDa (pi 1.0) was also observed, previously thought to be 
1 1 precursor cin-Zanca et al., 1989). The 
pi 40 band also was immunobloUed in samples dissected from 
normal human cortex or nucleus basalis of Meynerl (Fig. 2B). The 
pIl.O band was not seen, perhaps because: of different post 

1 1 ' ' ! ' 1 'i spect to trans- 

1 1 " 1 ' 1 1 1 ■> blot analysis 

only when samples were prepared under nonreducmg conditions, 
indicating t, i> 1 1 , , i onai epitope 

is recognized. 

Immunostaining in normal human brain 
1 ' ' «■ s used to map TrkA protein expression by immuno- 
is The sl> latum, basal 
unosiamina 

" ' ' '><' ■> ! -1 a detected in the cerebral 

ee.ilis.s and bippocnnp ,1 icnnaiaa) (i-a^, ;)). 

M secl ?'' > * ' .Kd large TrkA-positivc 

neui ons (1 , - „ ,„ g r0U ps embedded in a dense 

" '''' of " (Fig. 3/1). The cells had 

from complex multipolar to 

1 in distinct cellular 
- e.u.s, nucleus accumbens, and 
os without 

apparent distinction in density, perikaryal staining, or shape Fig- 




LOG FLUORESCENCE INTENSITY 

Figure I. Surface immunofluorescence studios with mAb SO E2S ceils 
expressing hum, 1 , |n lmmun0 

il.u i.seeie, u, , , ( , 

1 ill u u, , that achieve 1 sausrsnrin, i uiuei 'm 

t:!::vu a :tprc-a,:!; n,.. la/ai number a.( ecas amaur.v' >'\," -^"'"X m 'jr 
(constant 50CXU.! 

cell receptor ,ie 1 , (k bm f ,. Q2 

...avail (aa.v; /nan A); n naan! nanna; <n : n, n) in), backa„<nui H l raiiavnv'ira" 
mlgGat2^g/m; , , 

ea line, a) For 



background)., f, rf) was' used 
' ■ ••' 

aaunnn; hv snAI, SSpr ,„- 5(3 1; , 



s of aisiofnains; milnes naanasna 



tire 3D shov , that, displayed 

s'.rrmg granular imniiuiorcaetivitj aronml rite inicJeus and in press., 
imal processes. Moreover, mimei < I \ 

fragments «e 

claustrtmi were mostly negative except for - » , >^ ■ i a v , , 
: • 

reactive fibers wheieas the intu. ncd s« nc la 

beled punctas and fibers, particularly near the putamcn and cau- 
date nucleus. 

The hippocampal formation showed weak immunostaining 
located principally in scattered fibers and puncta in the stratum 
granulosum of the der, . , . 

and pyramidalc of Amnion's horn. In addition, some weakly 

stained pcrikarya could be observed in the stratum p 

of the CA2 and CA3 subflcids of Ammon's h< 

bilus of the dentate gyrus (CA4 subfield; Fig, 3E). The 



10 nif.is 
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s observed in the ccrebeilui 



Mr 12 3 4 5 6 





nts). Una), ■><<■> >, lana (>, S. 75 

tnm\ J 9 13 ,,i 1 i , , f/,/«/w«H,pllo. 

I' I 111) tissues 



' 1 - lit. neurons were relatively large, of ovoid to 

pyramid,:; shape ami bearing one prominent apical and radial 
i ' II . i appeared ,is in other 

1 i « "' nail granular patches of 

pnecpMlau- locate! piararspalh nea, the runica; envelope and in 



hcatae:,, immuaaiisacaaa < .eu; tYtve; frapmems without a 

peroetnar pattern oi ,;;ati daieon aic observed in all layers. baa 

' ' ' ! ' ' i 'ii superficial ones (Fig. 

..i i , . t p ' y 

1 1 ] 1 1 m , also is detected. 'l*he pontine 

rmi k i con' , . 

ulai perik.- • . • 

d m fibei networks (Fig°3G). 

Some large neurons n> 



stained. No TrkA immunostaining \\ 
(not shown). 

Binding studies 

Scatchard plot analysis of ( !25 Ij5C3 



£ 2.0 iim (data not showit). No { \ r 
parental N'lH 

with saiurafin ',< < tit r ,1 

5C3-binding - - M - " - - 

detectable t , , uk A i cccptors. 

Similar data were obtained measuring mAb 5C3-binding silcs by 
FACScan anal i devi is ol ued aftci NGF 

- able 3). 

Jn the com u , \ ( 3 inhibited -60% of 

[ ,2, ljNOriii ■ - , , , i background 

binding was as ( t v tt t ,;m NGF (lOOCr inhibi- 

tion), and maximal binding was assessed with binding buffer 
vehicle onh. (b , i I a t binding mAb 

87.92.6 (Table 2). 

Functional agonism of mAb 5C3 

Several fundi i ;{ bioactivity were used to test the. 

agonistic potential of mAb 5C3. 

Receptor internalization 

The 4-3.6 cells were treated with TrkA ligands at internalization- 
penm'ssivc temperatures (37°C) o < . y o, , temperatures 
(4°C; Table ~\) NOT i t , ,| mistamngof 

mAb 5C3 to surface TrkA at both temperatures. Loss of surface 

at 3 t Hiding mi i , t , 

4). In contrast, mAb 5C3 treatment reduced the number of 
| i 1 >- i tnbutable to 

receptor intern . it a , , , , , 
Treatment with mlgG u • i < not icducc the 

mimbcr ol su. i i t , ratuic Sim- 

ilar data were obtained with 1 a v i hown) 



Receptor FY 
Anti-phospholyrc: 



b a 



2 Western blots of E25 or 4-3.6 whole-cell 
vealed tbal TrkA i'Y increased significantly 



>r short treat 

■ :i; niim E25 and 

4-3.6 cclK is ] ! p | 

and ~60kDa proteins , d ii i hi ih s 

fold increase; data not s, > , ,, . v a, , t » , va sc.i n We 
have estimated that <:}()% of alt P S5 material was tyrosine- 
phospkorylaled aiue ayaiiea of TvkA. 

Increased cellular transformation 

NGF treating n ,i , K n it , ,,,, j n 

anchorage-im - , 

fCordon-Cnrrio CI al.. Iv9!i, mAb PCe- caused .a, aersasen.nclv 

twofold inct compared with 

mlgG-treated cells (Table 5) No mbu oi si/e of 

foci was observed in wild-type NIH-3T3 cells after mAb 5C3 
treatment (data not shown). 

Protection from cell death 
Agonistic ligands of TrkA prof- 

death in SFM. Both N« , „ <K . 
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— A — no competition 




" — • — NGF competition 




a — SO competition 


> 
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ilKfli fli>\.,< , 

Treatment Temperaimc (X) 

NGF (2 n M ) 4<C ~~ 83 

37*C 75 

5C3 {0.01 Mg^ml) 4"C % 



'ilk A vjiU-i hi.nii. rosea, mtp >v,i- ;,ta loosed or. : P- i cr r • Uh a: \> 
•.,!,!, ,1 

ioace.nl pSiiiinns ' MAM. ,.o;l; aPacaoa ncoiln.i ■ossS: sosuae;.! 
:A. S.a.roveo: !,,ona,,a | ,'l:v.m..i o.nuA e n,o.,e , :, i ,,i ae. 

o'SA donsoiaiiKa M nan,;; aPrf. Aickry , .:aui Maiiiim;}. 



BOUND 5C3(nM) 

bind, pa suiciies and S.-.ach.; rc! plol analy'sk Scn;,i csi :: a - 
a edihoet reaps: Isao'ea; pesos .soiooc/esj wciv used in lood- 
.( cosisoirs ir.sfni-o r .-,) ird'is aAe-,, Ameers -roe-, compeied 
..ae, of orAdsded N(.-; ; {-.o/s, ecedoi or n:Ab 5C3 Pee » 
'.' iooepesdcsf cspcrsoer.eo dse sver;p:t A,, OideAd sec in 
. I'M. Compel!;:,.*! oop, NOJ-" redsashhe svco-pee iiuniix:' 
I ,' < 1 dicclcd 



I < ii ' In ' 




preparations Ire 
NGF (data not . 

Controls dem 
First, neither N 
cells (data not si 



Function;;! ,.p 

Monovalent ; ,g 
onists (Clary e 



I! den > ,. pi 

cultured ceils that showed a i ypicai npap-- 

ider. The DNA ladder was not seen in 
cultured in she presence of mAb 5C3 or 

ed t finic.svnP specificity cd mAb 

NIU-3T3 

.coo dAAd colls war no! protected pc 
dceled 

■■■< nsAo Ad: did nm protect Idee cess 



figure 5. huh. , , untreated (lane 
Dor treated \\,t 

IS inin at 3? C . , , , , i 

isidcr rediicmp , • ,i, t>. „n„ „ , > , . ops ;.!'!,. ph. ispieit vc i:,!>;e 

I .,. -'-n. A p.n.ii;.;! pc; ' oonosdnciei: ' , momes AKsesj 

■-iid; soA;:. 5C3 mm doveo; coooAsol fr.r M and ansa';! Soadiec ee Til. A 
on all samples. 



;;nt!-pbosp)u)i>roa!;;c Western bio 
with 5C3 F„„s had increased Trk/ 
taincd with whole mAb 50 (dam 

Monomcn , Uei 

equivalent or better protective eu'< 
were cross-! 

controls included those described 
whole mAb 5C3, plus 192 F nh s tha 
odds cells (dels not shown). 



The avaitab , i Kf p i „. 

allowed the study of these NC 

1989; Eaget, 1991).'! he . > > , ., 

for human TrkA and functions in FACSt an , 

sis, .md inirou- 



et al. « Artificial Human TrkA Recep! ,r Ago i si , 



Tabic 4. increased TrkA-PY by mAb 5C3 



»>'!'>-'>:>li/llC".i '.v.;i ; ^ ., : ;\ ;.;X\ : . .:,()]>: ;i,.v, : \j; K .-i „ iir ,!i eel. 

■h:,i>,inA (,>;H>C«I c.viissy reui:::,/, v,--; eeci) Ir-;;:i filn-s ivits !;fo :wck- 

WuhM-.b'uH-K.'.i [',.:.<: S'-.r. ::.! ',3 : :V > >,<„:,! ;, 

i'Y '..! TrkA iva.i :(■■■;,■.::' ,S; u , ' r ; ^ . it : ! ,».!,: ■ Sie ji - A 



Taiiir 5. MA!) 5<3-!M(ii.;.<.e ,iiu..'i-.::::'.(.-;i..-Ivi.cj>rltMii";j- 



mtgO 416 * 4S 

mAb5C3 806 ±178 

NGF 676 ± 51 



r the i:uhcalc;i ;i»civ.s I'm : 



win foci w»\c<tK i i II, (no Increase); 




Ml} i I ^ < / ! 

mAb 5C3 is a structural and funo 
neurodegenerative disorders (for re- 



neoplasias (K. Kramer, uisj 
mAb 5C3 was used to ms 
ihi i. tmwl hui . it I) 



i of r/*/t mRNA and P 140 TrkA protein 



previously described in numerous neurons of the basal forebtain 
and striatum (Holtznur % ,993 <yj cn 

cl al., 1994; Martinoff et al., 1994) Moilov 
has revealed TrkA immunostaining in other cell types of the 
human brain including the hippocampal formation, cerebral cor- 
tex, and brainstem. 

The presence of eqni j _ ,'rl'A protein (per weight 

of tissue) in the totlc , \^\ner( was 

further supported bio< h . 1 > < e , 

titative differences bctN < 1 > li/non and im 

munostammg may icflec > 1 he mAb 5C3 

long TrkA pi ( ! j of expres- 

sion, or instability of the mRNA. 

Correlation between TrkA am' 1 ' 1 nsferasc immu- 

nostaining (Mesulam and Geulu, I '>'> , , I) i , ct al., 1994) 
suggest that most TrkA-labclccI p. il l u fnc cholinergic 

phenotype. This was Confirmed by 1 n, >• , ,!,, dilation (Stein- 
inger et al, 1993; Martinoff et al, 1994). However, our results 
indicate that some TrkA-positive cells are not cholinergic, be- 
cause the hipj. , turn does not contain intrinsic cho- 
linergic cells in the human brain (De Lacalle et al, 1994). 

mAb 5C3 recognizes * u f 1 < >f FrkA, and 

an extracellular epitope with these characteristics appears to be 
the NGF-docking site (Perez et al, 1995, 
Cross-blocking studies indicated that mAb 5C3 and NGF can 
reciprocally block each other's binding to TrkA, suggesting fur- 
ther that the docking site of 5C3 may be similar to NGF. hi 
addition, sequence comparison of both ligands revealed interest- 
ing homology between complementary determining regions 
(CDR) of mAb 5C3 and the variable-turn regions of NGF (S. 
Maliartchouk and H. Saragovi, unpublished observations). Be- 
cause most CDR arc p-mrns (Sibanda et al, 1989) and, comet- 
dentally, the NGF structures that bind TrkA also may be 0-itirns 
(LeSauteur et al, 1995), wc hypothesized that both mAb 5C3 and 
NGF bind to the same site on human TrkA, and cross-blocking is 
likely to be caused by direct competition rather than steric 
hindrance. 

Interestingly, mAb 5C3 was more efficient at blocking NGF 
binding than vice vcisa. Only -2 ( , ^-binding sites 

on E2S fibroblasts were blocked by saturating doses of NGF. 
These data suggest that not al! TrkA receptors in this transfectcd 
cell line bind NGF. It u ,< , i in q-iucrations can 

account for these observations, 1 1 K have lottghly 

comparable K ti for TrkA (mAb 5C3 ; K d - 1.6 dm; NGF, - 0.7 
nn: Jing et al, 1992) and the affinity of mAb 5C3 was unchanged 
in the presence of NGF. 

Three nonexclusive possibmiles .ear reee.ruu! lor these observa- 
tions (1) T)kA leccptoi- q i! u 1, !j h -25% are 

inanNGf h . • 

e non-NGI-'-bindirig eonfoi v;nlir';-; (J; ,pcci;jc ;)0.s(-irarv;!a!iO!ial 
modifications of TrkA receptors allow for NGF binding; and/or 
(3) expression of othu j , >•■ ■, , lh 

known protein(s)] induces or favors the NGF-binding conforma- 
tion of TrkA. These hypotheses can be addressed by biochemical 
analysis altc 

5C3 versus NGF and b< - , „ r { ,„ K j 

fibroblastoid cells exp -e :• receptors. 

The absence of mAb 5C3 binding to rat TrkA is intriguing. 
Binding by mAb 5C3 to rat TrkA was expected because of the 
homology between mAb 5C3 CDRs arid the variable loops of 
NGF, particularly because NGF from one species do - >ind to 
TrkAs from other species. mAb 5C3 is e Im ;< ->r u,,,j 



nan TrkA-Reoeptor Agonists j, Neurosci., February 15, 1996, 16(A):Y< 



pan-TrkA-bindit 
mAb 5C3 on Ti 
sites of human a 



human receptor specificity. Rc- 
CDRs of mAb 5C3 will yield a 
rmore, analysis of the epitope of 
aces in the docking 
■>e useful in 



. • a -independent 
Is in SFM. By these crito- 



that showed thai E2S cells 
nds after s'i ftirtg fi i ( (Jingetal,, 



1992) and (I i' n i , b ~ ecptors. Thus, 

artificial ligands of TrkA can induce receptor internalization and 
could be useful in delivering toxic agents to the cytoplasma of 

NGHigdltonofTikAe , < i i i £ >nd aulophos- 

phorylatiou. mAb 5C3 induced TrkA-PY to a similar degree. 
Agonism in the absence of NGF suggests that TrkA dimerization 
and/or internalization is. the lcqt.iu i ] nt, rather than 
1 it I i rl mplcxt fowevw wc cannot role 
out that mAb 503 -TrkA may be the functional signal-transducing 
complex. 

Ligand-induced PY of the intracellular domain of TrkA allows 
for the recruitment of substrates and the activation of cytosolic 
proteins and nuclear oncoproteins. mAb 5C3 induces the PY of 
proteins of M r 60, 85, and 95 kDa. The 85 kDa protein was 
identified as PI-3 kinase, the activation of which correlates with 
the actions of growth factors and oncogenes. 



and d 



Barbae 



1994) and t 1 oi non-neuronal 

ceils (Marchctti et al, 1993). NGF-aciivalcd TrkA induces trans- 
fotmaliona 1 i . ells (Cordon- 

Cardo et al., 1991). mAb 5(3 caused similar increases in 
anchorage-independent growth and fori formation in soft agar. 
Thus, mAb 5< ;«» p ti mxlulat Ih pAwih of TrkA- 
cxpiessing ( i 5C3-mduccd 

foci is uc iaigct on tuci, i i .•) tuccd foci. We currently 
are investigating possibilities th I m\ iceouut for this 
observation. 

! i\, , • ,> ii neuronal 4-3.6 cells o, f b i i E25 celts 

i i i u bo rescued by NGF or 

Fertile; mois; m; a'phoeopseai eoaeges and increased attachment to 
i ' < , m both NGF- and 5C3-treated celts. 

' ' f " ' - * eid 4-3.6 cells from apop- 

totic death vV i i using anti-F,, b 

antibodies, heightened mspoose occiiired. Because growth 



the abilit} H , ii. Tliis could be ex- 

i 1 ing three ways; (1) F., b s arc relatively large 

1 j could cause 

i 'e, in TrkA that induce receptor-receptor 
. d (3) monomel ic 5C3 F ab s bind to two receptor 



molecules in a bivalent manner. The last 

two CDRs bu ^ ( i mAb 5C3 

CDRs to NGF turn scy g si tall tccom 

binant antibody analogs (S. Maliartchouk and H. Saragovi, un- 
published observations) support hie third explanation. 

mAb 5C3 is the first reported agonistic anti-neurotrophin re- 
ceptor mAb and will be useful m i o«, ,nd , 
drug development. Antineoplastic effects with mAb 5C3 may be 
achieved through terminal dbhertaipahon. aniHwdy-ctopc-nclcnt 
ceil cytotoxicity, or by the delivery of toxins oi radi. u ! d. 
Furthcrmote, iheslructuie of this mAb maybe useful in designnm; 
peptidie and noiipopdciic hrhA-OmPmg ageeos (Saragovi et ah, 

1991). Small, nonpeptidic agonists of TrkA should be useful 
pharmacologi the treat if r< Ucgcnciativc 
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Anti-IGF-I Receptor (Ab-1) Mouse mAb (cxlR3) 

All Categories » Calbiochem » Antibodies » Primary Antibodies » Receptors » growl 
Anti-IGF-R 

Anti-lnsulin-Like Growth Factor Receptor 

Host: Mouse 
Isotype; lgG 1 

Irnmunogen: partially purified IGF-I receptor from human placenta 
Form: Liquid 

Formulation: In 0.05 M sodium phosphate buffer, 0.2% gelatin. 
Preservative: £0.1% sodium azide 
Positive Control: HepG2 cells 
Negative Control: HS27 cells 

Comments: Recognizes the -130 kDa a and the ~90 kDa p subunits of IGF-I receptor. 
Ref.: Roth, R. 1988. Science 239, 1269. Rohlik, Q.T., et al. 1987. Biochem. BiophyRes i 
Rosen, O.M., 1987. Science 257, 1452. Rechler, M.M. and Nissley, S.P., 1986. Hormone 
Ullrich, A., et al. 1986. EMBO J. 5, 2503. Zapf, S. and Froesch, E.R., 1986. Hormone Ro< 
Humbel, R.E., 1984. 1. Chemistry; in Li Hormonal proteins and peptides. Vol 12, Chap 4 ( 
New York). Kull, F.C., et al. 1983. J. Biol. Chem. 258, 6561. 

Need additional information about this product? Email our Technical Service department al 
technical@calbiochem.com 

** Related information for this product is available: Psetea 

Additional information is available from the "Tech Resources" 
box in the upper left panel of this page. 

EMD Chemicals Inc. USD list price is displayed (pricing with local distributors may vary). N( 
is based on item availability worldwide. 
Sales Office Contact Details 



Clone 
alR3 



Species Reactivity 

human 



Applicatio 

IF, IP, NOT IB, Nt 
See Key 



EMD Chemicals inc. USD list price is displayed (pricing with local distributors may vary) N( 
is based on item availability worldwide. 
Sales Office Contact Details 



Product Name 



Cat. No, Size In Stock 



http://www.emdbiosciences.com/product/GRll 
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Anti-IGF-I Receptor (Ab-1) Mouse mAb (ct!R3) 



Related Products: 

Clli \r,<>< - , iR3) 

GR11L: Anli-IGF-I Receptor (Ab-1) Mouse mAb (aiR3) 
GR.11! t\\ti G ( mAn e iP3; 




Material Safety Data Sheets: 

GR1 1 : Anti-IGF-I Receptor (Ab-1) Mouse mAb («IR3) - English 

Bulgarian French Italian Porti-gues 

Danish German Korean Spanish 

Mch Greek Norwegian Swedish 

Finnish Hungarian Poiis.li 



Related Categories: 

Ail Categories » Calbiochem » Antibodies » Primary Antibodies » Receptors » Growth Factor 



1 . Rita Nahta, et al. (2005) Insulin-like growth factor-l receptor/human epidermal gro 
receptor 2 heterodimerization contributes to ti stance of breast can 
Research 65, 11 1 1 8-1 1 1 28. 

2. Daniel E. Syroid, et al. (1999) A rote for insulin -like growth factor-l in the regulatioi 
survival. Journal of Neuroscience 19, 2059-2068. 

3. Donald M. Henricks, et al. (1998) Identification of insulin-like growth factor I in bov 
plasma and its receptor on spermatozoa: influence on sperm motility. Biology of F> 
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7. . - j.' OATA SHEET 

Order Number 



CALBIOCHEM" 



• Number 



L£. Identification of the substance/preparation and of the company/undertaking 

!'!'<«!(,, j n.iioc 



iwlog* : GR11 



M.'<.,o;ooioo.r io ootn LOoo.ion:.,. o . 

10394 Pacific Center Court 
Kan Diw.o, CA 92121 
(858)450-555R\"i 
FAX: (858)4^-; . 



2. Composition / information on ingredients 















Arifk'GF.R 




Not available. 








{AnB-lnsiitin-Uke Growth f ectoi ?e< eptoi 












3. Hazards identification 



□ 



ol breatliing, give artificial respiration. If breathing is difficult, give oxygen, Get m 



If inhaled, remove to fresh air. I 



• a. ...>i i Rer > . ' 

">'••' '"-'■<' Mf'«t5s 3P;:,'i hsioio !<;uv.i. Gel moden! r.iientior. 

enses. In case of contact, immediately flush eyes with plenty of water for at least 15 

«>p,;,\<!.e{i o; p,-,. expos:.",:; is not known to ooo ovoic noodk:;;: ooodn.ori 



Fire-fighting measures 



; SMALL FIRE: Use DRY chemical powder. 

LARGE FIRE: IU .• Do not use water jet. 

al (deKomiio&iiinii ; These products are nitrogen oxides (NO, N02...). 

" s >" wr,,um : ' '/ ,!ers st1 ° uld wear positive pressure self-contained breathing apparatus (SCBA) and full tun 

fighter* : Be sure to use an approved/certified respirator or equivalent. 
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Accidental release measures 



ling and storage 



: Keep away from heat Keep away from sources < - 

a lume hood. Ground all equipment containing material. Do not breathe gas/fumes/ vapor/spray. 
: Keep container lightly closed. Keep container in ? - . , <TC (39.2'F). 



8. Exposure controls/personal protection 



: Provide wham. • ■ ■ , 

. etlw , nit value Ensure that eyewash stations and safety showers are proximal to the workstation lo 
Mi'osand before eating, smoking. u«. . > rnoofd. 




The product is stable. 
Not available. 

These products are nitrogen oxides (NO. N02...). 



H. Toxicological information 



: Not available. 
LD50: No! available. 
LC50: Not available. 

Repeated or prolonged exposure is not known to aggravate medical condition. 

Not available. 

No specific information is available in our database regarding the other toxic effects of this material for humans. 
Not available. 



Toth 



St of our knowledge, the lexicological properties of this product have not been thoroughly investigated. 
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12. Ecological information 



The product itself and its products of degradation are not toxic. 



13, Disposal considerations 



: Waste must be disposed of in accordance with federal, state and local environmental cc 



I 14. Transport information 



; Not controlled under ADR (Europe). 



< i Oder IMDG. 



1.5. Regulatory information 



t This producl is not classified according to the EU regulations. 
: TSCAr No products were found. 

SARA 302/304/31 1/312 extremely hazardous substances: No products were found. 

SARA 302/304 emergency planning and notification: No products were found. 

SARA 302/304/31 1/312 hazardous chemicals: No products were found. 

SARA 311/3 i n nicai inventory - hazard identification: No products w 

SARA 313 toxic chemical notification and release reporting: No products were found 

Clean Water Act (CWA) 307: No products were found. 

Clean Water Act (CWA) 31 1 : No products were found. 

Cte3n air act (CAA) 1 1 2 accidental release prevention: No products were found. 

11 d flammable substances: No products were found. 

Clean air act (CAA) 112 regulated toxic substances: No products were found. 
: Not controlled under the HCS (United States). 



HMffifflfflffiM : Not controlled under WHMIS (Canada). 

No products were found. 



J 16. Other information 


information System 
(U.S.A.) 




' . " 0 


National Hie 






Protection Association 

(U.S.A.) „„„ 




Reacllvily 


0 














